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l.-AETIOLOGY 

1482.] Thrombosis of the cerebral veins and sinuses is caused either 
by the spread of sepsis from neighbouring structures, or without 
infection by alteration of the circulating blood. Although there are a 
number of deep and superficial cerebral veins and five unpaired and 
six paired dural sinuses, the superior group of superficial veins, the 
superior longitudinal sinus into which they drain, the lateral sinus, 
and the cavernous sinus are alone of practical import to the subject. 
Infective thromboses may be encountered at any age and are chiefly 
associated with sepsis of the middle ear, the buccal and nasal cavities, 
the pharynx, or the integument of the face and scalp. General septi- 
caemia and pyaemia or diffuse purulent meningitis are occasional 
causes. Non-infective thrombosis, on the other hand, is related to 
any general disease, like acute gastro-enteritis which produces sudden 
severe depletion of the tissue-fluids, and is almost limited to infancy. 

E.M. VOL. xii 17 c 
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THROMBOSIS OF CERIvBRAI, .SINU.SIIS Iv.., m, 

The average age in a series of eases coJlcctciI by Byers and Hass was 
nine months, their oldest patient being only thirly inondis, Spcakinp, 
of the possible aetiological rule of intravenous tlicrapy, ilu-y state that 
such injections have been shown tt> jiroinotr agglufinatuin <d' blood- 
platelets, but that experimentally clotfing of the hlooii m the laiyr 
venous channels will not follow unless the cireulafion is also slowed. 
The superior longitudinal sinus was thrombosed in all these patients, 
although the clot had extended to its tributaries ami ofhet sinuses m 
some. The site of election was its middle llnec-hftlis. w hete it sudiieiiK 
widens and its walls contain the lacunar pockets of the aiachmml s illi. 
They suggest that the blood concentrated by (.liarrhoca am! vomifnip 
finds in this part of the sinu-s just those cotulifiotis m-iess.uv toi a 
sufficient slowing of the circulation to produce thrombosis, am! that 
the sunken anterior fonlanelle may well be an adililiona! letardiny 
factor. 


2.-CLINICAL PICrrURIi 


The premonitory symptom.s vary with the cause. Iti the infective class, 
high swinging temperatures, rigors, and even evidence of inf.ttctiott 
of the lung may be added to tiie pain, tenderness, swelling, and glatululai 
enlargement produced locally by the primary sepsis. In tlic non- 
infective class a period of acute ga.stro-intcstimi'l disturbance w ill have 
preceded the actual thrombosis by two or three weeks, ami the t htU! 
will present a picture of severe dehydration and eoilapse. 


(1) Thrombosis of Superheiai Corebrai Veins 

Thrombosis of the superficial cerebral veins is usually .secondary to 
clotting of the superior longitudinal sinu.s, but a generali/eti purulent 
leptomeningitis may occasionally be responsible. Diffuse cerebral 
changes necessarily follow, with focal epilepsy and other signs of 
destruction of cortex, such a.s dementia, hemiplegia, hemi-amtesthesm, m 
hemianopia according to the position of the thromhosetl imbcirv 
Blood escapes into the subarachnoid space, or even into the subrlurat 
pace If the thrombosis is near the junction of the vein with the suivcrtor 
longitudinal sinus. Byers and Ha,s,H believe that thrombosis of the 
pperflcial cerebral veins is a puzzling, but not uncommon, compbea- 
tion of serious illness in infancy, and because of the seuucfs such 
children are often wrongly a.ssumcd to have sulfered from some 
encephalitis. The ccrebro.spina! fiuid .shows variable celhdnr 
cause* but the presence of erythrocytes or 
dfagnosTiepoki? haemorrhage is an important 


(2)— Thrombosis of Superior Longitudinal Sinus 

thrombosis of the superior longitudinal 
nus was regarded as necessarily fatal, but the work of Byers and 
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Hass, Bailey and Hass (1937, a and b), and Symonds suggests otherwise. 

In 1931 Symonds, in describing a condition he called otitic hydro- 
cephalus, recognized that its pathology was obscure but that it must be 
presumed to be caused cither by an excessive secretion of cerebrospinal 
fluid from the choroid plexus or its defective absorption through the 
arachnoid villi. In a second paper (1937) he reported five new cases 
and concluded that infection of the lateral sinus, not necessarily with 
complete obstruction but with retrograde thrombophlebitis of the 
superior longitudinal sinus, was the most important aetiological factor. 

In support, he cited cases of hydrocephalus in which this sinus was 
proved to be blocked. In one of these (Ellis) the original infection had 
not been in the middle car but in the umbilical cord and thence caused 
multiple venous thromboses. With obstruction of the sinus, the cerebro- 
spinal fluid can no longer escape by the arachnoid villi although it 
continues to be formed by the choroid plexuses. An increasing amount 
collects in the ventricles and subarachnoid space, and a communicating 
hydrocephalus is the result. The symptoms can all be explained in Symptoms 
terms of a gradually rising intracranial pressure. If the sutures have 
not joinctl, the bones of the vault separate and the head enlarges. In pressure 
older patients there are severe headache, drowsiness, vomiting, and 
papilloedema. Palsies of the sixth pair of cranial nerves and extensor 
plantar responses have been recorded, but the disappearance of the.se 
signs with treatment by lumbar puncture suggests that they depend 
merely on the raised intracranial pressure. The cerebrospinal fluid is Cerebrospinal 
otherwise normal in most cases, but sometimes there is a slight plco- 
cytosis, 

(3)— Lateral Sinus Thrombosis 

Thrombosis of the lateral sinus is not declared by any local sign on 
physical examination. Nevertheless it may be recognized clinically by 
the Tobey-Ayer test. This is based upon the rise of the pressure of the Tohey-Ayer 
cerebrospinal fluid normally following compression of the internal 
jugular vein. The pressure is measured linstwith the patient lying com- 
fortably with the head slightly extended and breathing freely. This 
‘initial pre.s.sure’ is normally equal to 120 to 140 mm. of fluid in the 
ordinary left lateral position. The internal jugular vein is next com- 
pressed, first on one side and then on the other. With each compression 
the fluid-level in the manometer normally rises swiftly by at least 
100 mm., but if one lateral sinus is obstructed the fluid only moves 
slowly or not at all. Unfortunately for this test, the size of the lateral 
sinus normally varies widely. Occasionally it is absent, more often it is 
an insignificant channel compared with its fellow. In the first case 
complete obstruction, and in the second a partial mural thrombosis 
may be wrongly diagnosed. To avoid this difficulty, Frenckner has 
demonstrated the patency of the sinuses radiographically. The superior 
longitudinal sinus is injected with a fluid opaque to X-rays, a radiograph 
being taken at a suitable interval. It is early to say that this method is 
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free from risk, but it appears to distinguish between an annmaly and 
a thrombosis of the lateral sinus. 

(4) — Cavernous Sinus Thrombosis 

The classical picture of cavernous sinus thrombosis is seen when its 
anterior portion is affected. There is extreme proptosis, with oedenta 
of the skin of the eyelids, chemosis, engorgement of the vessels of the. 
conjunctiva and of the retina, papilloedcma with widely scattered 
haemorrhages, and paralyses of the third, fourth, and sixth cranial 
nerves. If, however, only the posterior part of the .sinus is thrombosed, 
all evidence of interference with the venous drainage of the eye may 
be absent, the signs being limited to affection of the nerves cnihetlded 
in the wall of the sinus. In such cases the infection has usually reached 
the sinus from the pterygoid plexus or as a retrograde extension from 
the lateral sinus or internal jugular vein by way of the petrosal sinuses. 
Tonsillar, nasopharyngeal, or otitic symptoms will therefore have 
preceded the thrombosis. If there is a spread to the opposite side by 
way of the inter-cavernous sinuses, then all or some of these .symptoms 
may be bilateral. 


3.-COURSE AND PROGNOSIS 

It might be thought both that the course of the illness was more rapidly 
deteriorating and that its outlook, more hopeless in the .septic than in 
the non-inf ective group of cases, but it is impossible to make any such 
generalization. On the one hand, the clotting of a vein from adjacent 
sepsis does not necessarily imply invasion of the thrombus or of the 
blood-stream by living organisms; on the other, the non-iufcctive group 
is composed of young infants already gravely ill at the time of the 
thrombosis. If a septic case remains untreated, bacterial invasion of 
the thrombosed vein, purulent liquefaction of the clot, pyaemia, and 
meningitis will inevitably lead to a fatal termination. Sucli a setiuencc, 
however, is rare to-day, at least in thrombosis of the lateral .sinus, in 
itself by far the commonest example of septic thrombophlebitis. In 
otitic hydrocephalus, the outlook is good if the pressure of the cerebro- 
spinal fluid is kept within normal limits by lumbar puncture. The 
prognosis is far less good in septic thrombophlebitis of the cavernou.s 
sinus. The infection nearly always reaches this sinus by way of its 
tributary veins and is well established in the clot by the time the case 
comes under observation. Moreover, the pulsations of the internal 
carotid artery and the great number of tributary channels are factors 
tending towards the early dissemination of purulent material. Most 
patients die whatever is done. Thrombosis involving many of the 
superficial cerebral veins is probably not compatible with life, but 
lesser degrees may be followed by gradual improvement with such 
permanent sequels as mental deterioration, epilepsy, or hemiplegia. 
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Thromboses arising secondarily to diffuse purulent leptomeningitis 
weigh the balance, already overloaded, against recovery. 

4.-DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

The diagnosis of thrombosis of the dural sinuses or superficial cerebral 
veins has been sufficiently indicated already. Otitic hydrocephalus alone otitic 
needs further discussion. The symptoms and signs of a rising intra- 
cranial pressure in otitis media may suggest the more serious intra- 
cranial abscess, but the general condition of the patient is distinctive. 

In otitic hydrocephalus he is in fair health, alert, and interested in 
his surroundings, particularly after lumbar puncture; in abscess, an 
enduring physical and mental depression is evidence of a profound 
general toxaemia. The examination of the fluid is of less help, as a mild 
localized meningitis related to the original lateral sinus thrombosis 
may cause a slight pleocytosis in the usually normal fluid of otitic 
hydrocephalus. Conversely, many cases of well encapsulated deep 
cerebral abscess may run their course without alteration in the number 
of cells. If the thrombosis of the superior longitudinal sinus is not 
secondary to otitis media but to some distant thrombophlebitis, the 
presence of papilloedema may be taken to indicate an intracranial 
new growth. The absence of definite localizing signs, the non-progressive 
course, and the dramatic improvement following the removal of even 
quite small amounts of cerebrospinal fluid will reveal the true diagnosis. 


5.-TREATMENT 

In the infective class, the first aim of therapy must be to eradicate Preventive 
any sepsis capable of spreading to the sinuses. Much of this treatment 
must be operative, the details of which cannot be discussed here, but 
the sulphanilamide preparations are valuable adjuvants, although it is Sulph- 
doubtful if they can replace surgery when purulent foci are already 
established. In the non-infective class, the control of acute gastro- 
enteritis or at least the extreme degrees of dehydration caused by this 
disease should be the greatest factor in prophylaxis. Intravenous 
therapy is probably best avoided in such cases. 

A formed thrombus cannot be attacked surgically in any of the intra- Surgical 
cranial veins or sinuses except the lateral sinus. Even in this situation 
the wisdom of doing so is doubtful unless the clot is proved to be 
purulent, in which case the sinus must be drained like any other abscess 
cavity. Surgery may also help indirectly in the treatment of established 
cavernous sinus thrombosis, not only in assuring a thorough drainage 
of the septic process by the track along which it reached the sinus but 
in placing the sinus at rest by ligature of the carotid artery. A chance Ligature of 
is thus given of consolidation of the clot and limitation of the spread 
of sepsis within it. 



22 thrombosis OF CKRKBRAL SINUS1':« [voi. xn 

rrhc syniptonicitic ^nd curutivc vuluc c)( rcpculcd IiiniHut puuc.tviic in 
otitic hydroccplicilus htis iilrciidy been nicnlic>ncd. I lie cilect is usiuilly 
dramatic and, since Symonds paper in 19.17, this lieatmciit, is justilied 
as muchi tlieoretically as in prnclice. I be ptocodiiic is wilbciul d*injtci, 
provided the fluid is withdrawn slowly and its pressure is never allowed 
to fall below normal. A manometer is Ihcrcfore essential, several 
pressure-readings being taken at intervals alter the removal ol small 
amounts of fluid. Puncture is repeated if symptoms return and may have 
to be performed at gradually increasing intervals of a few days for a 
few weeks. 
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1483.] So variable are the size and shape of the thymus at different 
ages that anatomical descriptions are conflicting, and so scanty are the 
established facts concerning its function that it is in most instances 
impossible to correlate the clinical pictures commonly attributed to 
disease of the thymus with the knowledge of its function obtained from 
such experimental procedures as its excision and injection of its extracts. 

Certain syndromes have been attributed to disease of the thymus, 
mainly on two grounds: (i) that their symptoms are sufficiently often 
associated with what is interpreted, on radiological or post-mortem 
evidence, as enlargement of the thymus that a causal relationship may 
be justifiably assumed; and (ii) that with the shrinkage of the organ, for 
example as age advances or after radiotherapy, the symptoms disappear. 

l.-EMBRYOLOGY AND ANATOMY 

The thymus lies in the lower neck and superior mediastinum. It has 
two lobes bound together by ensheathing fascia. Its immediate anterior Anatomical 
relations are the manubrium sterni, and the sternohyoid and sterno- 
thyroid muscles, with pleura overlapping the lower poles; it lies on 
the trachea and the left innominate and inferior thyroid veins, the 
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aortic arch, innominate and left common carotid arteries, and ihc 
phrenic, vagus, and recurrent laryngeal nerves, and infcriorly it reaches 
the pericardium. Its blood-supply comes from the internal mammary 
and the superior and inferior thyroid arteries, and it receives branches 
from both the vagus and sympathetic nerves. 

Its lobes are composed of many lobules or follicles, and in cacit 
follicle can be recognized cortex and medulla (sec f'ig, 2), The cortex 
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corS^and x l20, and A x4) showing lobules diflerentiuted 

the mom ‘ymphocytcs of the cortex tind 

seen in thl mlL numerous Hassall’s corpuscles e.in he 

n in the medulla, small square indicates the field which is seen enktrged in («) 

Whtld’Xllcf meclulld contains <i) 

llrge Sus dertieH <"> thymocytes, 

Hassall’s corpuscles/*^^"' original epithelial elements, and (tii) 

tMe^ fourth, ^branlS clrff^Thf dwerticulum of the third, sometimes 
a, Dranciiiai cleft. The parathyroids arise from the dorsal 


S.KEY 1483] PHYSIOLOGY 25 

diverticulum of the same clefts; this explains the occasional presence 
in a case of generalized osteitis fibrosa of a parathyroid tumour not 
in its expected site, but in the superior mediastinum, in contact with or 
embedded in the thymus. It is moreover of interest in this connexion 
that a possible relation of the thymus gland to calcification has been 
suggested by the work of more than one investigator. 

For several reasons the average size of the normal gland at different Average 
ages is not established with certainty. The gland rapidly shrinks in 
starvation and disease so that information derived from necropsies in 
morbid conditions is not applicable to the healthy gland. It might then 
be thought that sudden death in health would afford suitable data. 

But in these cases it is alleged that one of the factors responsible for 
sudden death is an unusually large thymus, status thymico-lymphaticus. 

Hence the only cases which can justifiably be used to establish the 
normal growth and size of the thymus are those in which sudden death 
has resulted from great violence or extensive injury. Haminar showed Normal 
that there is a gradual increase in the size of the gland until puberty, 
followed by a very slow involution, but remnants of thymus may persist 
even in old age. He gave the following average weights: at birth, 13 
grams; at 5 years, 23 grams; at 10 years, 26 grams; at puberty, 37'5 
grams; and at 20 years, 25 grams. Similar findings were recorded by 
Young and Turnbull, who stated that at birth the average weight 
of the gland is 21 grams; there is a gradual increase to 34 grams at 
puberty, and then a gradual decline to 15 grams by middle age. 
Bratton, however, found a rapid increase in size in the first two years 
of life, followed by a very slight shrinkage until the seventh year, then 
increase until the twelfth year, after which involution slowly occurred. 


2.-PHYSIOLOGY 

Although the thymus occurs in all vertebrates, no clue to its function 
has yet been obtained from its comparative anatomy. It has been 
variously regarded as (i) a part of the lymphatic system, (ii) a vestigial 
structure, a view suggested by its epithelial origin and its tendency to 
lymphoid transformation (compare the vermiform appendix), and (iii) 
an endocrine gland. Most often it is discussed in the last category. 

Attempts to determine the functions of the thymus have followed in Methods of 
the main those methods which have yielded fruitful results in investi- 
gating the endocrine glands, namely, (i) removal of the gland at different 
ages, (ii) administration orally and parenterally of the gland or its 
extracts, and (iii) correlation of clinical observations with findings at 
necropsy. Up to the present the results thus obtained have not been 
sufliciently clean-cut and consistent to correlate the experimental and 
clinical findings. 

Basch first showed that experimental thymectomy produced softening Experimental 
of bones resembling rickets, and Klose and Vogt not only confirmed 



[vor.. XU 


Thymus 

feeding 


Intm- 
peritoneal 
iryection of 
thymus 
extract in 
rats 


26 thymus gland DISEASES 

this but reported that thymectomy was followed alter a latent period 
by adiposity and then cachexia -which led to death IVom initrilional 
disturbances. Park and McClure, from an investigation on dogs, c<m- 
cluded that the thymus is not essential to litc in the dog: and its extir- 
pation does not produce detectable alteration in the hair, teeth, contour 
of the body, muscular development, strength, activity, or intelligence 
of the experimental animal. Their work sugge.sts that thymectomy 
probably does not influence growth or development, but the possibility 
that it may retard development and union of the epiphyses cannot be 
absolutely excluded. Extirpation of the thymus probably dews not 
induce any alterations in the endocrine organs. Possibly it may be 
responsible for well marked changes in the organs of internal secretion 
in the period immediately following thymectomy, which was not 
covered in the experiments of Park and McClure. 

The possibility of damage to the parathyroid glands during extirpa- 
tion of the thymus as a cause of the bone changes has not been 
adequately considered but deserves notice because in some animals 
thymectomy rendered the peripheral nerves more excitable to gal- 
vanism, a symptom of tetany. 

A possible relation of the thymns to calcification is suggested by two 
observations on birds. Soli found that alter thymectomy pullets tem- 
porarily laid eggs without shells, and Riddle showed that pigeons 
which at necropsy had a defective thymus occasionally had laid eggs 
deficient in shell. 

Although Gudernatsch reported a rapid increase in the growth of 
tadpoles after thymus feeding, he accepted Uhlcnmuth’,s view that this 
was not a specific glandular effect but the result of the nutritive value 
of a thymus diet. In 1930 Asher found that the daily administra- 
tion of an aqueous thymus extract, ‘thyinocrescin’, overcame the loss 
of weight folio-wing on a vitamin-free diet, stimulated growth, and 
increased the size of the gonads. 

The most striking effects on growth in rats was reported by Rowntrcc 
and his co-workers who injected intraperitoneally daily for sixteen 
months into successive generations of rats a thymus extract prepared 
by Hanson (‘karkinolysin’, so called because it was intended for the 
treatment of cancer). In the first generation the treated lest animals 
-were heavier, bred more frequently, and had larger litters of heavier 
average weight per rat. Little of note appeared in the second generation 
in the first six litters cast, but in the later litters (the seventh to the 
eleventh) precocity appeared. In the tenth and eleventh litters the 
animals were larger than normal, teeth erupted on the second day, 
and the eyes opened on the tenth day. In the animals of the third 
to seventh (F2 to F6) generations, striking and accruing precocity, 
and acceleration in growth and development were noted in the off- 
spring of each succeeding generation under treatment. Similar effects 
were not observed from thymus feeding. Investigations on the blood 
made throughout the series showed no change in the haemoglobin or red 
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or white cell counts, but there were significant changes in the calcium and 
phosphorus contents of the plasma. In contrast to the normal values of 
9 to 11 mgm. of calcium and 3 to 4 mgm. of phosphorus per 100 c.c., 
the second to fourth generations had 11-4 to 12*3 mgm. (average 12*3 
mgm.) of calcium and 4-0 to 7*5 mgm. (average 6*1 mgm.) of phos- 
phorus respectively. Radiographs of the test animals showed (i) an 
increase in the size of bones in all dimensions, especially the length of 
the diaphyses, (ii) earlier appearance of centres of ossification in the 
epiphyses, and (iii) earlier calcification and union of diaphyses and 
epiphyses. These investigators found that small doses of the extract 
had no effect on the heart but that with large doses the blood-pressure 
fell and death occurred from complete heart-block, a fact not yet 
capable of correlation with the sudden death of so-called status thymico- 
lymphaticus. Their results were summarized thus: ‘The continuous 
administration of thymus extract (Hanson) results in marked precocity 
in the offspring of treated parents after the second generation. The 
young show increased growth and development, small adrenal glands 
and lymphatic hyperplasia, specially marked in the glandular struc- 
tures of the intestine, but they show no susceptibility to sudden death 
from fright, the use of the hypodermic needle, immersion in cold 
water, or from operation or anaesthesia.’ 

Lee and Ayer obtained similar results by injecting glutathione, which, 
they suggest, is the effective principle in the extract used by Rowntree, 
Clark, and Hanson. Marangoni obtained similar acceleration of growth 
in successive generations of yeast-fed guinea-pigs; yeast contains gluta- 
thione. 

Unlike hyperpituitary rats, these hyperthymic rats do not become 
giants because their rapid rate of growth decreases from the second 
month. Thymectomy, however, in four successive generations of ex- 
perimental animals has given rise to retardation in the rate of growth 
and to a slight delay in the rate of development (Einhorn and Rowntree). 


3.-RELATION OF THYMUS TO ENDOCRINE 

SYSTEM 

In an endeavour to ascertain the relation of the thymus to the endocrine 
glands, extensive experimental and clinical observations have been 
made, but the recorded changes are confusing and often contradictory. 

The most significant findings may be summarized as follows. 

Marine, Manley, and Baumann showed that thyroidectomy hastened Thyroid 
the physiological involution of the thymus. Aschoff described hyper- 
trophy of the thyroid after thymectomy. Scott Williamson and Pearse 
regarded the thymus as a lymph reservoir for the thyroid. Clinical ' 
observations show that ‘thymic hyperplasia is constant in toxic goitre 
in patients under 40 and in half the patients over that age’ (Blackford 
and Freligh). In infantile myxoedema the thymus is atrophied. 
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Though many negative results have been recorded, the wciglil of 
evidence, both experimental and clinical, suggests that gonacieclamy 
delays thymic involution in both males and lemalcs. In (he rabbit it 
has been shown (Lucien and Parisot) that the onset of thymic in voiut ion 
coincides with spermatogenesis. 

Cushing found persistence of the thymus in dystrophia adipost)- 
genitalis, and that experimental hypophysectomy was followed by 
thymic hyperplasia. In hyperpituitary gigantism and acromegaly the 
thymus is said to be enlarged. 

Marine and his co-workers found that adrenalectomy not only delays 
involution of the thymus and lymphoid tissues but actually causes 
their regeneration. Conversely, thymectomy has been followed by 
adrenal cortical hyperplasia. In Addison’s disease theic is hypeiphisia 
of the thymus. For the clinical syndromes attributed to thymic 
hyperplasia and said to benefit by adrenal cortical cxliacts, see page .14. 
These observations suggest that (i) although disturbance of the 
thyroid, gonads, pituitary, and adrenals leads to I'aiiiy constant and 
well defined changes in the thymus, experimental thymectomy is 
followed by inconstant and indefinite changes in the endocrine glands ; 
(ii) thymic changes in endocrine disturbances arc part of the general 
growth changes (skeletal and sexual) which follow these disturbances 
and are not specific to the thymus; and (iii) the thymic hyperplasia 
associated with thyrotoxic states is not an indication of a reciprocal 
endocrine relation between thyroid and thymus but simply a part of 
the general lymphoid hyperplasia which accompanies tliyroUtxicosis. 


4.-DISEASES OF THE THYMUS GLAND 

Interest in disease of the thymus gland has centred not in iho well 
defined morbid conditions, such as infections, to which it is rarely 
subject, but in a group of symptoms varying from breath-holding spells 
to sudden death, which has been attributed to persistence or hyper- 
plasia of the thymus — the so-called ‘status thymico-Iymphaticus'. 
Congenital absence has been recorded without any other malforma- 
tions, but it is not uncommon in anencephaly and is occasionally 
noted in the still-born. Accessory thymus nodules may be found in the 
thyroid region and the superior mediastinum and very rarely as sub- 
cutaneous tumours in the neck. It is suggested that some dccp-scutcU 
carcinomas of the neck may originate in accessory thymic tissue. 
Atrophy of the gland occurs in malnutrition from any cause, c,g. 
starvation and prolonged infection. It differs from the normal involu- 
tion of the thymus in showing fibrosis without fat formation; involution 
is accompanied by a progressive replacement of the parenchyma by 
fatty tissue. 

Petechial haemorrhages of no clinical significance occur in asphyxia, 
whatever the cause, and haemorrhagic blood diseases. Larger extrava- 
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sations may occur in acute infections and have been described in 
syphilis of the new-born (Friedleben), 

Acute thymitis is extremely rare as a primary condition, though Acute 
abscesses have been found in pyaemic states and extending from 
neighbouring viscera. Swelling of the thymus has been reported in 
mumps and other acute infective diseases. 

Demme reported a case of primary tuberculous thymitis, no other Tuberculosis 
organ of the body being involved at necropsy. Several observers have 
found the thymus to be rarely the seat of tubercles in generalized 
tuberculosis of childhood. 

In congenital syphilis multiple small softened areas, the so-called Syphilis 
Dubois’ abscesses, were at one time regarded as resulting from colli- T>iibois" 
quative necrosis of Hassall’s corpuscles; they are now accepted as 
softened caseous gummata and contain Spirochaeta pallida in large 
numbers. The treponema is found in the thymus in the vast majority 
of cases of congenital syphilis even in the absence of any histological 
change. The occasionally persistent thymus in adults with generalized 
syphilitic lymphadenitis may show miliary gummata. 

Diseases of the blood-forming tissues 
In diseases associated with generalized lymphoid hyperplasia — 
leukaemias, chloroma, the lymphoblastomas, and leucosarcomas — the 
thymus may participate. In rare cases it may be the primary seat of 
the morbid change. 

Myasthenia gravis 

In about 20 per cent of cases of myasthenia gravis the thymus is 
abnormal Simple hyperplasia, hyperplasia with degenerative cystic 
changes, lymphosarcomas, endotheliomas, and carcinomas have all 
been described, but no tenable hypothesis of the significance of these 
changes in myasthenia gravis is forthcoming. The relation of the 
thymic changes to the clumps of mononuclear cells — lymphorrhages — 
found in the muscles and occasionally in the nervous system in myas- 
thenia gravis is unknown though they are certainly not secondary 
deposits from a primary thymic neoplasm as Weigert suggested. The 
occurrence of lymphorrhages and myasthenic reactions in patients 
suffering from toxic goitre (Dudgeon and Urquhart) recalls the associa- 
tion of thyrotoxicosis and thymic hyperplasia. 

Tumours 

Benign tumours are extremely rare, though degenerative cysts and Benign 
cysts derived from epithelial rests of the embryonic thymus have been 
described. Teratomas, including dermoid cysts lying in the superior 
mediastinum, are probably not of thymic origin. 

Malignant tumours are also rare. Most have the histological appear- Malignam 
ance of round-celled sarcomas but their origin, whether from mesoblast 
or entoderm, is obscure. It is doubtful if histological appearances 
justify the more detailed differentiation attempted by some investigators. 

But sarcoma from the fibrous tissue, lymphosarcoma from the lympho- 



'Thymoma' 


Clinical 

picture 


Endocrine 

disturbances 


History 


30 THYMUS GLAND DISEASES [voi,. xn 

cytic tissue, perithelioma from the blood-vessels, and carcinoma from 
the reticulum-cells and Hassall’s corpuscles have all been described. 
Many authors use the term ‘thymoma’ to describe these tumours 
arising in the thymus gland. There is little doubt that many of the 
tumours described as thymogenic originate in the mediastinal lymph 
glands. 

Most cases of ‘thymoma’ show their presence by evidence of pressure 
on neighbouring structures, e.g. trachea, veins, and nerves, the resulting 
clinical picture being the sum of these pressure effects. The presence 
of a superior mediastinal mass can be shown by X-rays (sec Plate 111, u). 
Rarely secondary deposits occur in the lymphatic glands of the neck. 

The occurrence of endocrine disturbance in tumours of the thymus 
gland has been noted by Leyton, Turnbull, and Bratton who observed 
clinical changes apparently identical with those now described as due 
to pituitary basophilism (Cushing’s syndrome) in two males aged 1 1 
and 31 years. In both cases, necropsy revealed that ‘a small-celled, 
medullary carcinoma of the thymus, was associated with great hyper- 
trophy of the cortex of the suprarenal bodies, functional hypertrophy 
of the thyroid gland, infiltration of the medulla of the suprarenal bodies 
with lymphocytes and plasma cells, and fatty infiltration of the centres 
ofthehepaticlobules’. Stress should belaid on the greatly hypertrophied 
adrenal cortex, for this alone may give rise to a syndrome clinically 
indistinguishable from that of pituitary basophilism. Walters, Wilder, 
and Kepler described a thymic tumour, about .5 cm. in diameter, in a 
patient showing the adrenal cortical syndrome, though they gave no 
details of its structure. Duguid and Kennedy described enlargement 
of the adrenals, glycosuria, and a colloid goitre accompanying a small- 
celled medullary carcinoma of the thymus in a woman aged 64 years. 
Before a thymus tumour can be regarded as a primary cause of adrenal 
cortical hypertrophy further evidence of the association is desirable. 


5.-STATUS THYMICO-LYMPHATICUS 

(Synonym. — Lymphatism) 

Few more controversial problems exist in medicine than ‘statii.s thymico- 
lymphaticus’. 

(1) — Thymic Death 

In the vast majority of cases of sudden death necropsy reveals a 
condition demonstrably incompatible with life. But occasionally an 
apparently healthy child or young adult dies suddenly from a trivial 
injury, or without ascertainable cause, and the most searching necropsy 
fails to reveal any gross morbid changes in the vital organs. Such minor 
operations as the extraction of a tooth, opening an abscess, circumcision, 
the prick of a needle for a hypodermic injection, the shock of sudden 
immersion in cold water, a mild electric shock, or a slight scald or 
burn, all of which can be tolerated unflinchingly by the overwhelming 
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mass of human beings, have to a few spelled death. The reason is still Paltmrs 
obscure, but the contribution to its solution made by Paltauf in 1889 
forms the basis of the conception of status thymico-lymphaticus. 

Briefly, he maintained that in these cases of otherwise inexplicable 
sudden death there was found at necropsy, with significant constancy, 
an enlarged thymus. He was not primarily concerned with how the 
enlarged thymus produced its lethal effects, though he supported 
Friedleben in rejecting the view that it was due to obstructed respiration 
caused by the mechanical pressure of the thymus on the trachea. He 
suggested that the victims of this sudden death from trivial causes had 
a different ‘body make-up’ from the normal and that one of its mani- 
festations was an enlarged thymus. Accompanying signs were hyper- 
plasia of other lymphatic tissues — the lymph glands, tonsils, salivary 
glands, and agminated follicles of the small and large intestines; a 
flabby fat overgrowth of the body and hypoplasia of the heart and 
blood-vessels; a hyperplastic bone marrow with replacement of the 
yellow by red marrow; and adrenal atrophy. To avert this tragic death, 
the habitus must be recognizable during life and its less serious mani- 
festations observed and treated. To these latter the terms Tymphatism’ "Lymphatism" 
and ‘thymic syndromes’ have been applied; the fatal cases are referred 
to as ‘ thymic death’. 

Paltauf’s papers were followed by many records of sudden death 
from trivial causes in which the thymus was described as enlarged 
or persistent. In recent years, however, Paltauf’s papers and those Criticisms of 
subsequently published have been subjected to critical analysis, and hyp^fesis 
emphasis has been laid on the fact that these papers appeared before 
the establishment of such fundamental data as the normal variations 
of the thymus in respect of age, sex, body-weight, and height, and the 
effects of acute illness, wasting diseases, and the endocrine disturbances 
already mentioned. It is to Hammar’s monumental work on the thymus Hammar's 
that we owe the more important data. Later Greenwood and Woods, 
in a statistical analysis based on Hammar’s and their own researches, 
undermined the whole conception of status thymico-lymphaticus as 
the cause of sudden death. In a joint study with Turnbull they analysed 
the data of some 3,500 necropsies on persons up to the age of 16 and, 
comparing their results with Hammar’s, concluded that ‘at ages between 
I and 16 years the normal weight of the thymus has been well deter- 
mined’. They were unable in the absence of more precise knowledge 
to answer with certainty the fundamental question within what limits 
the weight of the thymus of a child of known age, height, and body- 
weight could be described as normal. They obtained, however, a 
crude approximation to the frequency with which defined deviations 
from the ‘expected’ value were likely to occur; for example they found 
that ‘for males, a child aged 9 weeks, weighing 3-9 kilos and measuring 
54 cm. would have on the average a thymus weighing 16 gm., and that 
only once in a thousand would we expect to have a greater weight 
than 40 gm. A boy aged 7 years, weighing 19 kilos and measuring 
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109 cm. might be expected to have a thymus weighing 26 gm., and only 
once in a thousand trials should we expect a thymus of 55 gm. A 
thymus of 40 gm. or more would be expected in 7 or S per cent of 
children of this age and dimensions. In girls, taking precisely the .same 
ages and dimensions (these happen to be the approximate means for 
the boys) we should expect thymus weights of 13-7 and 24-6 gm. 
respectively, and one in a thousand of each class to exceed 25-6 and 
48-8 gm. respectively.’ 

With these rough indications of the limits between which a Ihytnus 
might reasonably be regarded as normal, they analysed the records of 
21 cases (17 male and 4 female) in which the weight of the thymus 
exceeded the predicted weight by an amount which might occur in 
about 1 in 44 cases taken at random and was therefore well outside 
what might be regarded as normal limits. They found that in every 
instance the cause of death was adequately determined. They con- 
cluded; Tf the criterion be mere weight of the thymus, then status 
lymphaticus, status thymico-lymphaticus, and status thymiems arc 
mere verbalisms. Diagnoses established wholly or mainly upon an 
alleged abnormality of weight of the thymus have no more value than 
affirmative evidence in cases of witchcraft. Since it can seldom be 
possible for a certifying practitioner to have more knowledge of the 
thymus than he will acquire by putting it in the scale pan - some may 
even content themselves with a visual appreciatioiv--it follow, s th«it, 
for practical purposes, the diagnosis ought to be abandoned. In cases 
of sudden death, the old inquest verdict of “Died by the visitation 
of God” is at least as scientific as and more modest than “Status 
thymicus” or “lymphaticus”; “Cause unknown” is to be preferred to 
either.’ Greenwood (1930) referred to status thymico-lymphaticus as a 
‘mere farrago of random assertion and debased tradition’. 

A joint committee of the Medical Research Council and the Patho- 
logical Society of Great Britain and Ireland was set up in January 1926 
to collect on a large scale information on the weights and measurements 
of the thymus and to investigate closely the precise cause of death in 
persons dying suddenly from unexplained or trivial causes who at 
necropsy were found to have an enlarged thymus. This investigation 
analysed twenty-three cases in which death was attributed to anaes- 
thetics or shock, in only four of which was the thymus considered 
abnormally large for the age; in one a major operation had been per- 
formed, and in another purulent bronchitis with dilatation of the right 
ventricle and hypertrophy of the thymus were noted at necropsy. 

The committee found thymic changes in two of the cases not attribut- 
able to shock or anaesthesia; the first, a five-year-old male, died after 
tonsillectomy under general anaesthesia; at necropsy blood was found 
in the bronchioles and alveoli of the lungs and in the stomach 
This boy’s thymus weighed 99-2 grams, thus exceeding the normal 
average for his age-group by more than five times the standard 
deviation, and was said to have encircled the trachea, but an adequate 
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cause of death was asphyxia from the aspirated blood. The thymus of 
the second case, a female child aged two, weighed 14*2 grams, thus 
exceeding half the value of the normal average of this age-group. She 
was admitted to hospital with marked laryngeal stridor; immediate 
tracheotomy without an anaesthetic was performed and she died. 

There was not any evidence at necropsy of diphtheria or laryngeal 
obstruction and, although death was attributed clinically to thymic 
asthma and status lymphaticus, a relatively small thymus had been 
found. 

This joint committee concluded that ‘the facts elicited in the present Committee's 
inquiry are in harmony with those of Hammar (1926 and 1929) and 
Greenwood and Woods (1927), in affording no evidence that so-called 
“status thymico-lymphaticus” has any existence as a pathological 
entity’. Hammar believed that in those whose death cannot be ex- 
plained by obvious morbid changes there might be a disturbed endocrine 
balance, of which changes in the histological structure of the thymus 
are a part. But these stigmata would have a statistical significance only 
and be extremely difficult to demonstrate even by an expert in histo- 
logical technique. 

Greenwood in 1930, assisted by further observations on the weight 
of the thymus, examined Hammar’s further data arithmetically. He 
formed two groups, (i) in which an adequate cause of death was found, 
and (ii) in which death occurred from some trivial or non-demonstrable 
cause; he then examined the structural character of the thymus in these 
groups to discover whether they were thereby significantly differentiated. 

The numerical characters which Hammar used were: (i) the gross 
weight of the thymus in grams, (ii) the ratio of cortex to medulla, (iii) 
the ratio of the number of Hassall bodies with diameters from 26 to 
50/x to the number with diameters from 10 to 25/x, and (iv) the ratio 
of the number of Hassall bodies with diameters 51 to 100/x to that of The Hassall 
those with diameters 26 to 50/x. Hammar regarded (iii) and (iv) as 
indices of progressive or regressive changes in the thymus. Greenwood 
investigated whether these groups could be differentiated not only by 
differences in mean values for Hammar’s four indices but also by 
greater variability around the mean. These two criteria are both clinic- 
ally and biologically significant. If there are significant differences in 
the size of the thymus in the two groups, then the group differentiation 
would be of value for, and applicable to, individual cases. All reliable 
data tend to support the view that such differences between the means 
of the two groups do not exist and are therefore not of any value for 
individual differentiation. If, however, there are in the two groups 
significant differences of variation around the mean, it merely implies 
that the group showing the more marked variation is less true to type 
and less stable than the normal group. It does not imply that the 
criterion is of any special value in differentiating the two groups. A 
careful study of Hammar’s data shows that there is this greater vari- 
ability around the mean in the ‘sudden death group’, a fact which 
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Greenwood’s analysis confirms. The conclusion is therefore juslilial 
that ‘those who die suddenly are likely to have heavier thymuses (lum 
normal persons, but they are also likely to have lighter thymuses 
than others’. 

In the ratio of cortex to medulla there appears to be a dillercuec in 
the mean values of the two groups, but it tends to disappear when the 
data are corrected for age, and there is no appreciable diflcrencc in 
the variabilities of the index in these two groups. 'I'hc tins! 1 lassall 
ratio, i.e. the ratio of the number of Hassall bodies with diameters 
from 26 to SOju. to the number with diameters from 10 to 25ii, shows 
differentiation of both means and variabilities, there being no indication 
of a sufficiently strict association between age and ratio for ;ige chutcc- 
tions to alter this conclusion. The second Hassall ratio, i.e. the ratio 
of the number of Hassall bodies with diameters irom .'ll to 1 ()()/(, to 
that of those with diameters from 26 to 50/i, shows no dilfercntiatioit, 
either in mean or variability. 

A careful enumeration of the Hassall bodies might therefore help in 
group differentiation but as an individual criterion is useless, 'fo (.[iiotc 
Greenwood; ‘The suggestion is that the thymus, if examined as few 
men are likely to examine it, might afford differentiae of the groups 
which interest us, so that, almost hidden by the masses of nonsense and 
bad observation which form the bulk of the literature of status thytnico- 
lymphaticus, a little truth may be discerned. What has not been shown 
or even made faintly probable is that an equally painstaking study o!' 
other organs or functions (bodily or psychic) would not have revealed 
at least as clear-cut group differentiae.’ 

The available evidence then affords no justification for regarding the 
thymus either as primarily responsible for these unexplained cases t)f 
sudden death or as an index of these bodily disturbances which accont- 
pany this tendency. The greater variability in the size of the thymus 
indicates solely the greater instability of this group. The term 'stiitus 
thymico-lymphaticus’ is, on the present evidence, a meaningless term 
giving an air of profundity to what is a confession of ignorance, for 
it can mean only that ‘this person has died suddenly from an uncxplttincd 
or trivial cause’. 

(2)— Thymic Syndromes 

So long as the conception of ‘thymic death’ received general support 
it was natural that efforts should be made to recognize the predisposition 
during life. The rather plump pasty child, sluggish both intellectually 
and physically, with enlarged tonsils and adenoids and a few enlarged 
superficial lymphatic glands, and developing rather late sexually was 
regarded, without any supporting evidence, as especially prone to 
thymic death. It might have been anticipated that as these children 
were not good average specimens they would be less likely to resist 
the^ ordinary stresses of life. Apart from this supposed predisposition 
to thyBaic death’ various clinical syndromes in infancy and childhood 




[To face p. 34 


. Radiograph of male, aged 1 year 3 months, showing persistent thymus; the child was pale and had a paroxysmal cough. 
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have been ascribed to thymic hyperplasia or persistence. In these, 
certain symptoms are alleged to be associated with radiologically 
demonstrable enlargement of the thymus and to disappear when the 
gland shrinks as a result of age changes, radiotherapy, or medicinal 
treatment. 

Among the described syndromes are the following: ‘During a paroxysm Breath- 
of crying occasioned by an injury or an attack of temper, the child 
holds its breath, becomes cyanotic and usually falls to the ground. > 

The sujffocative attack is at times accompanied by a transient loss of 
consciousness and may be followed by a period of hstlessness, semi- 
stupor and pallor of some minutes’ duration. The attacks may be 
infrequent, i.e. once a month or they may occur several times in one 
day’ (Morgan, Rolph, and Brown). This description is that of an 
epileptiform seizure and it is known that crying in children and 
coughing in adults occasionally give rise to similar attacks even in 
the absence of demonstrable thymic enlargement. They have then 
been attributed to disturbances of cerebral circulation, either from 
venous congestion or from reflexes analogous to the carotid sinus 
reflex, with resulting slowing of the heart and fall in blood-pressure. 

The relation of these attacks to thymic enlargement is based on the 
alleged striking effects of treatment. In one series of twenty-nine cases, 
twenty-seven were said to be free from attacks after two to three 
treatments. 

The child is subject to sudden fainting spells, being blanched and Syncope 
limp, with shallow respiration and almost imperceptible pulse. During 
feeding the child chokes and goes blue, ‘as if the food had gone the 
wrong way’. Cyanosis is often accompanied by choking attacks, but 
not crying. Sometimes it is said to date from birth and thymic enlarge- 
ment is held responsible for certain cases of asphyxia neonatorum. 

Stridor, which is most marked during inspiration and may be present Stridor 
only with catarrhal infections of the upper respiratory tract, is said 
to occur. Moncrieff suggested that an enlarged thymus is commonly 
found with congenital laryngeal stridor. Even noisy nasal breathing 
has been brought within the group of thymic syndromes. Attacks of 
paroxysmal inspiratory dyspnoea have been recorded and given the 
eponyms ‘Millar’s asthma’ after John Millar, who in 1769 described 
afresh what appears to have been laryngismus stridulus, and ‘Kopp’s 
asthma’ after Kopp, who ascribed the attacks to mechanical pressure 
of the enlarged gland. Rapid panting respiration is stated to occur in 
some instances. A persistent chronic hoarse cough is said to be evidence Cough 
of thymic disturbance when no other cause is demonstrable. Radio- 
therapy to the thymus is beneficial (see Plates I and 11), Head retraction Bead 
may accompany any of the above symptoms or occur independently. 

Such nervous disturbances as excessive crying (without fits), restlessness, 
and insomnia are among the supposed manifestations. Eczema is found Systemic 
in one-fifth of all cases, whatever their type. dmurbanc 

Even amongst the most strenuous protagonists of the thymic syndromes, 
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controversy exists on the mode of production of syinplonis. Sonic 
ascribe the symptoms to disturbance of internal secretion oi tlic 
thymus and support their view by insisting on (i) the associated 
generalized hyperplasia of lymphoid tissue, (ii) the improvement which 
follows irradiation of a gland of normal size, (iii) the Irequency ol 
associated eczema, and (iv) the latent period between thymectomy 
and clinical improvement. Others ascribe the symptoms to (he 
mechanical pressure of the enlarged thymus on neighbouring stiuctiiics, 
such as on the trachea causing stridor and cough, on tlic vagi causing 
syncope, and on the veins causing cyanosis. It is diflicult to visu.ilizi 
circumstances in which the gland could enlarge and excit prcssuic 
sufficient to cause gross symptoms, though this possibility could noi 
be excluded when the thymus is drawn up into the supciioi thoiacic 
outlet, the neck being retrofiexed. Recent attempts to correlate ana- 
phylactic and allergic phenomena with thymic enlargement ate not 
convincing (Waldbott and Anthony). 


6.-THYMIC HYPERPLASIA 

(1) — ^Diagnosis 

The diagnosis of thymic enlargement is mtidc by physical^ and by 
radiological examination. Light percussion reveals an area <d dullness 
on either side of the sternum, more marked to the right, which may 
disappear when the head is flexed. Rchn described the tumeutr tis 
appearing on expiration in the suprasternal notch, where occusituially 
it can be palpated. ‘A sustained posture with the head held slightly 
forward, the shoulders slightly raised, the chest slightly expanded, anil 
almost entire abdominal breathing’, is described in many instances. 

The radiological findings are confusing. Characteristically there i.s in 
the superior mediastinum a wide transverse, almost symmetrical, shadow 
which merges with the heart shadow. This shadow is said to enlarge 
during systole, expiration, and on crying; and to diminish in diastole, 
inspiration, and at rest. The appearances are not easily distinguishable 
from other morbid changes, especially enlarged lymphatic glands, 
dilated auricles, coarctation of the aorta, congenital malformations 
of the conus arteriosus, thoracic goitres, and aortic aneurysms (see 
Plate III, A and c). Even lateral views and fluoroscopic screciring may 
not sufl&ce to differentiate these conditions. 

(2) — Treatment 

There are many difficulties in accepting a causal connexion between 
thymic enlargement and the various symptoms described. As, however, 
the symptoms are often alarming and fail to respond to other methods 
of treatment, the absence of certain proof of a causal relation between 
them and enlargement of the thymus is scant justification for withhold- 
ing from an afflicted infant a form of treatment which some observers 
^lieve to be not only beneficial but in many instances life-saving. 
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Marine’s finding that adrenalectomy not only delayed involution of Orgam- 
the thymus and lymphoid tissues but actually caused their regeneration 
led to Kemp’s hypothesis that the cause of thymic syndromes is an 
acute exacerbation of a temporary cortico-adrenal insufficiency and 
to his treatment of these syndromes with adrenal cortical extracts. No 
decisive results have been recorded. 

Both X-rays and radium have been used in treatment. The dose of Radiotherapy 
X-rays varies with the age of the child. The technique used by 
Morgan et al is to give a dose of 20 to 25 milliampere minutes, using 
approximately 90 kilovolts with a target skin distance of 10 inches 
and a filter of 4 mm. of aluminium. This is repeated in a week’s time. 

If symptoms improve, a fortnight’s interval is followed by two or more 
treatments a week apart, making four treatments in six weeks. If there 
are recurrences, further courses of treatment are given. 

For young babies a ‘radium-bib’ overcomes the difficulties of radio- 
therapy and offers the advantages of home treatment and more effective 
application. The bib is made ‘with 40 mgm. of radium element on a 
plaque 3x2 inches filtered with 0*5 mm. of lead. It is tied on with 
straps round the neck and under the arms so as to irradiate the whole 
of the thymic area. It is applied for 16 hours’ (Shires). 

Thymectomy, though occasionally undertaken for the removal of Thymectomy 
tumours of the thymus and the enlarged thymus which accompanies 
thyrotoxicosis, has rarely been carried out for thymic syndromes. 
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Blindness, Vol. II, p. 452; Hyperchlorhydria, Vol. V, p. 16; 
Peptic Ulcer, Vol. IX, p. 506; and Toxicology, p. 101 
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DISEASES 


i.-ACUTE TONSILLITIS 

1484.] Acute tonsillitis is classified as catarrhal, lacunar, or parenchy- 
matous according to its degree of severity. In the common lacunar 
form, often called follicular, the crypts become filled with dc.squamatcd 
epithelium, pus cells, and organisms forming white or grey dots at the 
mouths. In the parenchymatous form the whole tonsil and the adjacent 
pharynx become swollen and infiltrated, and an abscess may form in tire 
substance of the tonsil. 

The disease usually occurs in young adults and sometimes in children. 
In children it may precede an attack of acute rheumatism, so that 
removal of the tonsils slightly diminishes the incidence of* primary 
attacks of rheumatic infection, but the operation has no infiuence in 
preventing recurrent rheumatic attacks nor does it influence the incidence 
of endocarditis. (See also Heart Diseases: Rheumatic Heart Disha.sh 
IN Children, Vol. VI, p. 253; and Rheumatic Infection, Actirii, 
Vol.X, p. 641.) 

Acute inflammation is particularly liable to occur in the remnants of 
tonsils which have been partially removed, and in tonsils which are 

40 
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the seat of chronic inflammation or suppuration. The specific fevers, 
especially scarlet fever, often begin with an acute attack of parenchy^ 
matous tonsillitis. 

The commonest causal organism by far is the Streptococcus pyogenes, Caiml 
but varieties of pneumococci and staphylococci are also found either 
pure or in mixed infections. In the epidemic streptococcal form the 
contagion may be carried by milk. 

The initial symptoms are malaise and anorexia sometimes with a chill Signs amt 
or even a definite rigor. The temperature rises to 102“^ or 104® F. with 
corresponding increase in the rate of the pulse, which is full and 
bounding. There is pain in the throat, radiating to the ears, and increas- 
ing difficulty in swallowing with much salivation. 

Acute tonsillitis, which usually lasts from four to eight days, must Diagnosis 
be distinguished from diphtheria and from Vincent’s angina by 
bacteriological examination. Mild cases must be distinguished from 
secondary syphilis. In the faucial type of glandular fever which resembles 
severe tonsillitis, the cervical glands enlarge, there is both a relative 
and absolute lymphocytosis, and the spleen may be enlarged. The illness 
may last several weeks but the prognosis is good. 

In acute tonsillitis aspirin is useful to relieve the pain, or a mixture Treatment: 
containing sodium salicylate may be given. It is usual also to prescribe 
a purge at the beginning of the illness. As the causal organism is the 
Streptococcus pyogenes, it has become customary to prescribe sulph- 
anilamide. 

Locally a paint containing 2 per cent each of benzamine hydrochloride Local 
and formalin in glycerin is useful or in very severe infections with much. ^PP^tcatbns 
exudation the throat may be sprayed with eusol. Gargles are useless and Gargks 
increase the pain but a compress, either hot or cold as the patient finds 
the more suitable, often gives relief. 

Junket, ice-cream, custard, and thick soups are easily swallowed. The Food and 
dysphagia may be relieved by an attendant standing behind the patient 
with the palms applied behind and below the angle of the jaw on either 
side. Firm pressure is made just as the patient swallows. 

If the disease is recurrent, aifter eliminating such causes as dental sepsis Operation for 
or external sources of infection, the tonsils should be removed (see f“^<'^rrences 
p. 43), but not until after an interval of at least six weeks. 


2.-QUINSY 

1485.] The formation of a peritonsillar abscess or quinsy, which is 
usually unilateral, is shown by increasing oedema of the uvula and the 
appearance of a tense swelling on one side of the soft palate, which 
bulges downwards and forwards. 

The abscess should not be allowed to burst through the soft palate or Choke of 
into the tonsillar fossa, but should be opened with sinus forceps at its 
most prominent point after painting with 10 per cent cocaine. A yellow 
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spot often indicates the point at which the pus may be most easily 
reached but, if this is not obvious, the centre of a line bclwcen the base 
of the uvula and the upper wisdom tooth may be chosen, A peritonsillar 
abscess may occasionally be opened through the supraton.sillar tossa. 

Much less commonly a quinsy may be present behind the lower half 
of the tonsil. In this event there is some danger that the pus may track 
along the carotid sheath if the opening for drainage is not placed 
suitably. The best treatment is to remove the tonsil: this gives perfect 
drainage, and there is little bleeding. A rare but grave compliciition of 
quinsy is haemorrhage from erosion of one of the large vessels in the 
immediate neighbourhood. 


3.-CHRONIC TONSILLITIS 

I486.] Enlargement or hypertrophy of the tonsils is sometimes regtirderl 
as synonymous with chronic inflammation, but in fact size is no 
criterion of this and in. many small children some liypcrtrophy of the 
tonsils appears to be a physiological necessity rather thtin a pathological 
reaction. The tonsils in chronic tonsillitis may be large but often, 
especially in adults, are small and Hat and concealed by the pillars of 
the fauces. There is a chronic infection of the crypts, especially of the 
crypta magna or supratonsillar fossa, from which pus may be expressed. 
A chronic abscess may form in the substance of the tonsil, usually in a 
deep situation near the capsule. 

Collections of epithelial scales forming cheesy masses in the eryphs are 
often troublesome but do not necessarily indicate chronic infection. 
There is often a history of recurring attacks of acute tonsillitis or of 
quinsy, and the lymphatic glands in the neck just below and behind the 
angle of the jaw are generally enlarged. A deep crimson hand of con- 
gestion may be seen along the anterior faucial pillar. Such t(msil.H may 
be important as sites of focal sepsis, causing arthritis, mu.seulur rheuma- 
tism, or nephritis. 

Indigestion and retching are frequent symptoms. The breath may be 
foul and the patient may notice a bad taste in the mouth. There i.s often 
reflex cough with general symptoms of fatigue and anaemia from toxic 
absorption. 

As treatment, paints containing iodine or resorcinol may be tried in 
adults, and blocked crypts may be slit up with a small knife or the 
electric cautery. Unless there is some general contra-indication, such as 
pulmonary tuberculosis, it is advisable to remove the tonsils, especially 
if there is a history of recurrent acute tonsillitis or quinsy, or any pro- 
nounced cervical adenitis. Electrical treatment by diathermy, whether 
applied with the object of causing the tonsil to slough by repeated 
applications or merely with the object of sterilizing the tonsil by heating 
it, seldom gives results which are satisfactory for any length of time 
and moreover this treatment often causes great pain. In small children 



s.ki:y 1485-1488] REMOVAL OF TONSILS 


43 


simple hypertrophy or a single attack of tonsillitis is not sufficient reason 
for removal of the tonsils, as the need at that age for lymphoid tissue 
in order to develop immunity and defensive reaction leads to recurrence 
and hypertrophy elsewhere, especially of the adenoid tissue in the naso- 
pharynx. 


4.-CALCULUS 

1487.] A calculus occasionally forms in the tonsil, generally in the Composition 
supratonsillar fossa, composed mainly of calcium phosphate and 
carbonate in which filaments of leptothrix are embedded. They are 
usually quite small but in rare cases attain a large size and may be 
responsible for stabbing pain, which radiates to the ear, and for 
recurrent attacks of inflammation and suppuration in the tonsil. A 
large calculus, partially embedded, may set up an ulcer which simulates 
malignant disease or a gumma, but examination of the base of the 
ulcer with a probe will enable a correct diagnosis to be made. A calculus 
may be scooped out of the tonsil with a spoon, but it is generally simpler Removal 
and more radical to remove the tonsil. 


5.-REMOVAL OF TONSILS 
(1) — ^Indications and Contra-Indications 

1488.] Kaiser made prolonged observations on the effect of tonsil- 
lectomy on 4,400 school children in Rochester, New York. The opera- 
tion was performed upon one half of these children, and in the control 
group of 2,200 the operation was recommended but not performed. 

The two groups were kept under observation for ten years. The benefits 
obtained during the first three years after the operation became less 
conspicuous in later years and the clinical condition of the two groups 
tended to become more alike. The immediate freedom from sore throats Effect on 
in the children who had lost their tonsils was not entirely maintained throats 
and seven years later, i.e. ten years after the operation, 10 per cent of 
the children who had lost their tonsils were still subject to sore throats, 
as against 36 per cent in this group before removal of the tonsils. The 
incidence of rheumatic fever proved to be 33 per cent less in children Rheumatic 
whose tonsils had been removed, but the operation did not exert any 
influence in the prevention of recurrent attacks of rheumatism when 
performed after the initial attack. It was found also that the operation 
does not protect against rheumatic carditis or have any influence on the 
incidence of chorea. It gives some slight protection against the incidence Scarlet fever 
of scarlet fever, but reduces it by less than 50 per cent. The influence of Diphtheria 
tonsillectomy on the incidence of diphtheria is more pronounced. Con- 
sequently in recommending the operation on relative indications certain 
benefits to the child may be legitimately claimed, but these can be easily 
exaggerated. 

Absolute indications for tonsillectomy in children are frequently 
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recurring sore throats and enlargement of the cervical lymphatic glands. 
Nasal obstruction and otorrhoca in the absence ot caric.s of the middle 
ear are indications for the removal oi adenoids but not necc,ssaiily ol 
tonsils, and in small children prc.servation ol the tonsils is the bc.st 
guarantee against recurrence of the adenoids. 

About 5 per cent of the tonsils removed from children show histological 
evidence of tuberculosis, and it is probable that this is not of much 
clinical signifibance; but when the tonsils are removed on account ol 
gross enlargement of the cervical lymphatic glands the percentage 
showing tuberculous lesions is much higher. The infection is usually 
of the bovine type. 

(2) — Operative Technique 

In children up to the age of fifteen it is usually possible to remove 
tonsils entire by the guillotine; this can also be carried out in many 
adults, but as a rule in order to ensure complete removal dissection is 
preferable. The choice of operation in individtial ca.ses is determined by 
the practice of the operator, but when there is a history of quin.sy the 
line of cleavage around the capsule is difllcult to define and the guillotine 
operation may be impossible. Whichever method is employed the whole 
tonsil should be removed, especially the lower pole from which the 
tonsil may reproduce itself. In exceptional cases, even when the tonsil- 
lectomy has been complete, the tonsil maybe reproduced from the lingiml 
tonsil and provide a target for the critical. 

In children a general anaesthetic is required, but ethyl chloride is sudkient 
for the guillotine operation. In adults a longer general anaesthesia is neces- 
sary. Intratracheal gas and oxygen is often used but is not suitable as it 
increases the bleeding. In adults local anaesthesia is often employed. A light 
application of 5 per cent solution of cocaine hydrochloride i.s made to the 
fauces, but this is not essential. Procaine hydrochloride (novocain) with 
adrenaline is then injected into the fauces around each tonsil in five spots, one 
above and two each in front of and behind the tonsil. The risk of post- 
operative haemorrhage and of blood escaping through the larynx down the 
trachea is greater than with general anaesthesia. 

In using the guillotine (see Fig. 3) the patient lies supine with the shoulders 
a little raised and the head extended. The mouth is opened with a Doyen gag 
placed between the front teeth, but not wide enough to stretch the anterior 
faucial pillars. The ring of the guillotine held in the right hand is passed under 
the lower pole of the right tonsil with the handle pointing to the left of the 
patient. The handle is then depressed so that the tonsil is levered on to the 
alveolar eminence at the posterior end of the mylohyoid ridge which forces 
it through the ring. To complete this movement the forefinger of the left 
hand is applied to the anterior faucial pillar and the whole tonsil can be 
felt to slip through the ring. The blade is then pushed home by the thumb 
of the right hand. Care must be taken that the blade passes between the 
anterior pillar and the tonsil so that the edge of the pillar is not nipped. The 
tonsil is then removed by pronating the hand. The left tonsil is removed by 
changing the guillotine to the left hand, or by standing behind the head of 
the patient. By this method the tonsil with its supratonsillar fossa is removed 
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p,,. T ^TonsUlcctomy by the guillotine method, (^r) The ring of the guillotine is 

piuLd unde the lowei pole of the tonsil to encircle it. (6) The tonsil is hooked 
IbmardTwith the ring of the guillotine, (c) With the forefinger of the free hand 
the tonsil is pressed through the ring by applying pressure over the anterior faucial 
Dinar, (d) When the tonsil is felt to slip completely through the ring the blade is 
pushed home and the tonsil is removed by pronating the hand. (This and Fig. 4 from 
Lhc Medical Journal, 1938) 
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Fia. 4. Tonsillectoniy by dissection, (a) The Davi.s gag in po.sitinn. TIk nncniUir 
may stand at the head of the table or at the side. If at the head of the table, this 
figure should be^en reversed. (6) The incision in the mucous membrane covering 
e onsil beneath the anterior pillar is shown, (c) The tonsil is grasped with forceps 
bed. It is freed by blunt dissection with long-handled forceps. 

of its bed and divided with long-handkd scissors 
below the lower pole close to the base of the tongue 
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complete in the capsule which is often everted in the process. Two sizes of 
guillotine should be available. 

In removal by dissection (see Fig. 4) the patient may either lie supine with Removal by 
the head dropping far back or tilted over on the right side. If local anaes- dissection 
thesia is used the patient sits in a chair and depresses the tongue himself. 

Under general anaesthesia the mouth is opened with a Doyen or Sydenham 
gag, but many operators prefer to use the Davis gag which gives a good view 
of the tonsils by forcing down the base of the tongue, with the patient lying 
on the back, but this has the disadvantage that the mouth cannot be fully 
opened and pressure is often made on the front of the neck. The tongue is 
drawn forwards with a tongue clip or silk thread passed through the tip. The 
reflection of mucous membrane between the anterior pillar and the tonsil is 
incised or torn through with scissors or long-bladed dissecting forceps. 

Suitable forceps must be used to hold the tonsil and draw it out of its bed. 

The dissection is best done by teasing out the tonsil with the long-bladed 
dissecting forceps so that the vessels are torn across and retract. There is then 
very little bleeding and ligatures are seldom required. The tonsil is thus shelled 
out of its bed but it often remains attached at the lower pole to the lingual 
tonsil at the base of the tongue from which it must be divided with scissors. 

Careful sponging or the use of an electric suction pump is necessary to keep Treatment 
the field of operation clear from blood. The only vessel likely to bleed per- of bleeding 
sistently is the tonsillar branch of the facial artery which enters the tonsil 
about the middle of the tonsil bed on the posterior pillar. If it does not retract 
it should be picked up with long forceps and ligatured with silk, but bleeding 
may continue after the guillotine operation from a button-holed vein which 
cannot retract. If there is a persistent oozing of blood or post-operative 
haemorrhage, ligatures of fine silk on a Reverdin’s needle should be passed 
across the tonsil bed or through both pillars and tied. The stitches should be 
removed on the following day and not allowed to cut out, if they have been 
passed through the pillars. If reactionary haemorrhage occurs several hours 
after the operation there should be no hesitation in taking the patient back 
to the operating theatre and controlling the haemorrhage under an anaesthetic. 

If the mucous membrane covering the edge of the anterior pillar is Post- ^ 
kept intact there is usually not much post-operative pain, but this varies ^tfeamlnt 
and may be controlled by euphagin or aspirin applied locally in a 
gargle. Adults may receive an injection of morphine on the night fol- 
lowing the operation. Soft food should be given for a few days, and 
anything like biscuits or crusts avoided. Children welcome ice-cream. 

A purge should be given on the day following the operation, as some 
blood is always swallowed and causes digestive disturbance; cascara 
sagrada is suitable, but saline purgatives should be avoided as they are 
extremely painful to swallow. 

For keratosis and tumours of the tonsils see Pharynx Diseases, 

Vol. IX, pp. 576 and 580. 
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HEMIATROPHY AND HEMlHYPIiR TROPI lY 


l-DEPINITION 

(Synonym.— Wry neck) 

1489.] This deformity is characterized by lateral deviation and rotation 
of the head. It arises from various causes, but in nearly all cases the 
basic feature is contraction of one sternocleidoina.stoid nui.sde, with 
consequent approximation of the mastoid process to the sterno- 
clavicular joint. As a result, the head is flexed to the all’cclcd side anti 
rotated towards the opposite side. In long-standing ca.ses .secondary 
changes develop in adaptation to the altered position. 


(a) Aetiology and Clinical Picture 
The congenital is the common type. The deformity, thougli labelled 
congenital, is not present at birth, but develops in childhood and grudu- 
ally increases during adolescence. 
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It is attributed by some to congenital aplasia of the sternocleido- 'Cause 
mastoid muscle. According to this view the muscle is imperfectly 
formed and fails to grow at a rate commensurate with the general 
development of the body. Its relative shortness becomes more marked 
in later childhood, and thus the deformity becomes apparent. A second 
view, supported by many authorities, is that the deformity follows 
injury to the sternocleidomastoid sustained at birth. It has been claimed 
that wry neck is commonest after difficult labours, and especially after 
breech presentations, in which the neck muscles are peculiarly liable to 
injury (see Muscles Diseases, Yol. IX, p. 14). 

In a small proportion of cases there is a history that a few weeks after stemo- 
birth a lump was noticed in the neck, the so-called sternomastoid 
tumour. According to Brooks, Middleton, and others, this swelling is a 
result of venous infarction of the muscle, due to prolonged obstruction 
of the venous return from this part of the neck during parturition. 

The 'tumour’ is a spindle-shaped enlargement of the muscle, and micro- Histology 
scopic examination shows that it consists of granulation tissue and 
young fibrous tissue containing degenerated muscle cells. In the course 
of time the swelling subsides and is replaced by tough scar tissue which, 
by contraction, leads to the wry-neck deformity. 

In the fully developed case the deformity is obvious. The head is bent Clinical 
towards the affected side and at the same time rotated towards the 
opposite side. Thus, if the right sternocleidomastoid is affected the head 
is approximated towards the right shoulder, the face is turned towards 
the left, and the chin is up-tilted. The movements of the head and 
neck are greatly restricted, especially those that involve stretching the 
affected muscle. The sternocleidomastoid can be seen and felt as a tense 
contracted band of fibrous tissue. 

In long-standing cases secondary changes follow: all the soft tissues Secondary 
on the affected side of the neck undergo adaptive shortening, including 
the deep fascia, the muscles of the neck, the carotid sheath, and the 
large vessels. The mastoid process at the insertion of the muscle is hyper- 
trophied. The skull acquires an oblique deformity. A compensatory 
scoliosis may develop. Finally, and most significant, the face undergoes 
hemiatrophy, all the features on the affected side being smaller and 
closer together than on the opposite side. The importance of this last 
feature is that in long-standing cases the hemiatrophy persists, and 
even though the wry-neck deformity is corrected, there remains an 
obvious asymmetry. (See also Vol. VI, p. 420.) 

(6) Treatment 

The treatment is by operation. This should not be delayed unduly 
owing to the risk of secondary deformities, such as facial atrophy, which 
will not respond to treatment. In mild cases the operation of sub- 
cutaneous tenotomy suffices. 

The sternocleidomastoid is put on the stretch over a sand-bag placed Subcutaneous 
between the shoulder blades. A tenotomy knife is then inserted through a 'i^notomy 
E.M. voL. xn E 
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skin puncture low in the neck, immediately uNwe the clavicle, and the iettse 
fibrous bands which represent the sternal and clavicular heads old he muscle 
are divided. The other tight structures arc then stretched by manipulating 
the head into an over-corrected position. 

In more severe eases an open operation is advisable. d‘hc incision moA 
suitable as a general rule is oblique and placed in the natural told the skin 
a short way above the clavicle. It is deepened to cxpcvsc the lower end ot' the 
sternocleidomastoid muscle and a wide area in the lower part td' the neck. 
The sternal and clavicular heads of the muscle, the deep fascia of the neck, 
and all other tight structures arc divided, and finally the tissues of the cariUid 
sheath are dissected off the large vessels and removed. An adtiitimral step 
favoured by some authorities is to make u second incision in the upper part 
of the neck to divide the upper attachment of the muscle close below iw 
insertion. 


The after-treatment is of special importance, for there is a great 
tendency to recurrence of the deformity, liowcver radical the operative 
dissection has been. The child will prefer to revert to his accustomed 
attitude, and persistent correction is necessary to ensure a go<Kl rcstilL 
The best method is to fit a piece of poroplastic felt to sit snugly on tlie 
affected side of the neck, where it is fixed in position by a bandage. 
The felt is cut and moulded to fit the neck and is made just wkie enough 
to exert a little upward pressure on the mastoid process and the angle 
of the jaw, in that way maintaining the corrected position, In addiliim, 
regular exercises should be carried out under the , supervision t>f a 
masseuse. 


Sequel to 
fibrositis 
or myositis 
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infection of 
lymph glands 


Sequel to 
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(2) — Acute 

This term includes a number of afloctioiiK in which the wry neci 
comes on rapidly and does not persist. Tfie commonest is cine to 
fibrositis or myositis and is generally attributed to 'catching a chill'. 
The neck is acutely stiff, and the affected muscles arc felt to be tightly 
in spasm and acutely tender. After a few days the conclition passes 
off. Treatment consists in the application of heat, gentle massage, and 
administration of aspirin or similar drugs. 

Wry neck may also occur acutely as a result of an infection of the 
lymph glands in the neck, especially of the glands along the aecessnry 
nerve, deep under the sternocleidomastoid muscle. In mo.sl cases the 
glandular enlargement is due to infection from the car, nose, or throat. 
The neck is stiff, and there is acute tenderness over the affected glands. 
The treatment is to keep the patient in bed at rest, to apply heat 
to the neck, generally in the form of fomentations, and to employ any 
measures required for the primary infective focus. 

Lastly, acute wry neck may result from injury or disease aflccting 
the cervical portion of the spine or cord. Thus it may follow unilateral 
dislocation of the cervical spine or tuberculosis of the spine. In cither 

Ji!!! ’rt ‘ physical examina- 

tion there is little difficulty in the diagnosis. 
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(3) — Spasmodic 

This is a rare affection, which is characterized by spasmodic rotatory 
movements of the head. The movements are jerky and recur incessantly. 

They are, however, completely absent during sleep. In addition to 
the sternocleidomastoid muscles, the trapezius is often involved, and 
sometimes also the complexus, splenius, and oblique muscles of the 
opposite side. 

Spasmodic wry neck occurs mainly in adults of neurotic disposition Causation 
and generally starts after severe overwork or mental strain. It is now 
regarded as a functional nervous disorder. 

The treatment in most cases is directed towards improving the general Treatment 
health and obviating all sources of nerve strain or worry. If these 
measures fail, some benefit may be obtained by resecting the accessory 
nerve at a point above its entrance into the sternocleidomastoid muscle. 

It is sometimes advised also to divide the upper cervical nerves of 
the opposite side in order to paralyse the synergistic muscles, but this 
procedure is rarely beneficial. 
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l.-mFINITION 

1490.] Torulosis is a rare disease in which a ycasl-likc fungsis, TamUi 
histolytica, invades the central nervous system and more rarely the 
lungs and other viscera. The onset is generally gradual with severe 
headache; this is followed by slitTness of the neck, vomiting, and failing 
vision. Later, paralysis and convulsions may supervene. Fever is often 
absent, emaciation is prominent, and the course is generally progress- 
ively downward. Though the prognosis is fatal in systemic and cerebro- 
spinal torulosis, rare localized infections of the vertebrae, tongue, and 
nasopharynx have been followed by recovery. 


2.~AETIOLOGY 

Torulosis in man was first adequately studied by Stoddard and Cutler 
(1916), who named the fungus Torula histolytica and dilTerentiutcd 
the disease from blastomycosis and coccidioides. Torula histolytica is a 
highly retractile, double-contoured, spherical or oval, ycast-Iikc organ- 
isin. In the tissues and on culture media it reproduces only by budding, 
It IS distinguished from other fungi by the absence of mycclia and 
spore formation, the frequent presence of a capsule, and a minimal 
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tendency to ferment sugars. There appear to be two or three varieties. 

The organism is pathogenic to mice and rats and to a less degree to Pathogenicity 
guinea-pigs and rabbits. animals 

All races appear to be equally susceptible. The disease occurs twice Incidence 
as often in males as in females and is most common from the ages of 
30 to 60 years; occasional cases have been reported in childhood. The 
portal of entrance is probably the sinuses, tonsils, or lower respiratory Route of 
tract, whence the torulae travel by the lymphatics or the blood-stream 
to the central nervous system and elsewhere in the body. 


3.-MORBID ANATOMY 

Torula invasion generally results in the formation of granulomas, the Macroscopic 
lesions resembling somewhat those seen in tuberculosis, syphilis, and 
certain mycotic diseases. Inflammatory reaction is more marked 
outside the central nervous system, and the lesions consist of small 
tubercles or nodules varying in size from 0*5 mm. to TO cm. Cyst-like 
spaces containing gelatinous material may form in the tissues, and 
in one case of pulmonary and cerebral torulosis which I investigated 
the lungs on section presented the appearance of honeycomb filled 
with gelatinous exudate. In generalized infections the kidney, spleen, 
lymph nodes, bone marrow, liver, adrenal, thyroid, tonsils, and skin 
and subcutaneous tissues have been implicated. 

The central nervous system is almost invariably involved and three Central 
types of lesion have been described by Freeman: (i) a diffuse or focal 
granulomatous meningitis resembling somewhat tuberculous meningitis 
with thickening and matting together of the meninges which become 
adherent to the cerebral cortex and the base of the brain; (ii) a peri- 
vascular form due to torulae extending along the perivascular sheaths 
of the vessels forming flask-shaped cysts in the upper layer of the 
cortex, and giving rise to the appearances of ‘soapsuds, blisters or 
pits’; (iii) an embolic form with deeply placed granulomas and cysts 
involving the grey matter of the basal ganglia or the white matter of 
the cerebrum and cerebellum. In rare cases the spinal cord may be 
involved by a chronic torular meningitis and granulomatous nodules 
which may produce spinal compression (Smith and Crawford). 

The meninges show endothelial hypertrophy, round-cell infiltration, Microscopic 
foreign-body giant cells, and fibrosis. The torulae are numerous. The 
gelatinous cysts are caused mechanically by the accumulation of large 
numbers of torulae with minimal reaction of the mesodermal elements, 
and the granulomas are composed of masses of endothelial cells, many 
of which contain the invading organism. Neuroglial reaction is minimal. 

The mode of production of the clear gelatinous zone around the 
micro-organisms is unknown. No evidence is available that it is due 
to any digestive action exerted by the torulae on the tissues and, as 
Freeman pointed out, the original term ‘histolytica’, introduced by 
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Stoddard and Culler lo describe the orjiani-sm. is a iiiisnoiuer, Pndiabiy 
the gelatinous nialcrial originates as a sccreticni or as some by-product 
of the metabolic activity of the torulac. 

Blood In the cerebrospinal form there is usually a moderate Icucocytosis 

picture which varies from 7,000 to 25,000 cells per c.mm., and the dilTcrcnlial 
count not uncommonly shows an increase in the polymorpluniucleur 
neutrophil leucocytes. Decreased red-cell coiint.s and liacnuvglohin 
values occur only in the late phases of the disease. No notewmilfiy 
cfmical biochemical findings have been recorded. Torulae have been 
found in the cerebrospinal fluief, sputum, and pus. 

Cerebrospinal When the central nervous system is involved examination of the 
cerebrospinal fluid is nvuch the most important aspect of the laboratory 
investigation. The fluid is generally under increased pressure and 
readings as high as 700 inm. of water have been recorded. It may be 
colourless, slightly hazy, turbid, or even gelatinous in appearance 
and on standing a pellicle generally forms. The globulin and albumin 
contents arc increased, and the sugar is either normai or decreased. 
The colloidal-gold curve is as ii rule of meningitic type. The cell-count 
is increased, varying generally from about 200 to HUO cells per c.mm. 
Most of the cells are lymphocytic, but sometimes polymorpliomieleur 
neutrophils constitute as much as 30 per cent of the cells present. 
Occasionally endothelial cells with phagocytosed torulae arc foutttl. 
Not uncommonly at the first examination the torulae are mistaken for 
lymphocytes. 

4.-CLINICAL PICTURE AND COURSIi 

The clinical manifestations are somewhat variable, but for elinieiil 
purposes the disease may be considered under the headings (i) local i/ed 
rncubation and (ii) cerebrospinal torulosi.s. The incubation period ha.s not been 
accurately ascertained for man, but animals develop clinical mani- 
festations some two to four weeks after inoculation. It is probable 
that a somewhat similar period of incubation holds good in human 
infections. 

Localized torulosis 

Only a few instances of localized torulosis are reported. McCichee 
and Michelson reported a case of pelvic abscess pointing in the inguinal 
region, the pus from which contained torula organisms. Pulmonary 
complications supervened but the patient recovered. Jone.s recorded 
torular infection of the nasopharynx responding to surgical treatment, 
and Jeanselme and his colleagues published a case of mycetoma in a 
coloured womari due to the sanac cause. 

Cerebrospinal torulosis 

The central nervous system is practically always involved in generalized 
torulosis so the two types need not be considered separately. In a 
senes of 60 cases of cerebrospinal torulosis analysed by Levin (1937) 
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the central nervous system alone was involved in 30; in the remaining 
30, in addition to the central nervous system, the lungs were involved 
17 times and the skin 5 times. Other organs implicated included the 
tonsils, kidneys, spleen, lymphatic glands, and adrenals. The clinical 
features vary with the virulence of the causal organisms and the part 
of the nervous system which is predominantly involved. Many cases 
manifest evidence of increased intracranial pressure, basal meningitis, 
and nerve palsies. 

The onset is generally insidious with frontal, fronto-temporal, or Mode of 
retro-ocular headaches which are intermittent at first and later become 
continuous. Sometimes the disease commences suddenly, when severe 
headache, faintness, vomiting, and vertigo are likely to be present. 

Often the headache is the most pronounced symptom; it may be 
intolerable, making the patient scream with pain, and Freeman sug- Symptoms 
gested that this happened when there was wide-spread invasion of the 
cerebral cortex. Other symptoms, such as projectile vomiting, dizzi- 
ness, vertigo, failing vision, arthritic pains, and pain and stiffness of 
the muscles of the neck and back, soon follow, and sleeplessness or 
somnolence proves very troublesome in some cases. Diplopia, ambly- 
opia, photophobia, and even amaurosis are not uncommon. 

Fever is generally absent, anaemia is rare, and the blood-pressure Signs 
remains about normal. The pulse is apt to be somewhat increased in 
rate, especially if there is fever. The most common finding is stiffness 
of the neck associated with a positive Kernig’s sign indicative of 
meningitis. Brudzinski’s sign may be positive, the deep reflexes are 
often lost, and hyperaesthesia is not uncommon. According to Freeman 
neuro-retinitis, papilloedema, and choked disk occur in about two out 
of every three cases. Strabismus, fixed pupils, ptosis, and nystagmus 
are sometimes present. Deafness is rather rare, but other nerve palsies, 
hemiparesis, and hemiplegia may appear in the late stages of the 
disease. When the spinal cord is involved spinal compression with 
paralysis of the limbs may ensue. Pulmonary involvement or adenitis 
naturally suggests tuberculosis and only the demonstration of Torula 
histolytica by laboratory means enables a diagnosis to be made. 

Torulosis generally runs a subacute or chronic course, the average Course and 
duration being about four months. Acute cases are recorded which 
have proved fatal within three weeks, whereas two chronic cases have 
lasted two and a half and five and a half years. Though remissions may 
occur the course is progressively downward and the prognosis in the 
cerebrospinal type of the disease is invariably fatal. Patients with the 
localized type of infection may recover. 


5.-DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

In both localized and generalized torulosis the diagnosis is never made Isolation of 
on clinical grounds and it is only the demonstration of yeast-like 
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or^snisitis in the pus of locul Icsit)iis, in the sputum when tJicic is 
pulmonary involvement, and in the cerebrospinal Iluid in cerebrospinal 
torulosis that establishes the diagnosis. Smears of the ccntrifugali/ed 
deposit should be stained with Wright's stain to dilTercntiate the torulae 
from lymphocytes for which they are often inislakcn. In doubtful cases 
the suspected material should be inoculated onto Sabouriiiuf s maltose- 
agar or injected intrapcritoncally into white mice which develop symp- 
toms within one month; cultures should be ineubatoci at both room 
temperature and body temperature for at least ten days before deciding 
there is no growth. 

Differential Tuberculous meningitis, cerebrospinal syphilis, epidemic encephalitis, 

diagnosis tumour, abscess, and cysts of the brain, and cerebral involvement due 
to blastomycosis, coccidioidcs, and sporotrichosis may need to be 
differentiated from cerebrospinal torulosis. In the fungems infections 
other than torulosis there is generally a primary focus elsewhere. 
Syphilis is diagnosed from the history, by the presence of other syphilitic 
lesions, and by the Wassermann reaction and the other liiidtngs in the 
cerebrospinal fluid. Tuberculous meningitis may be clo.scly simulated, 
especially if there is associated pulmonary involvement, but the frequent 
absence of fever and the more prolonged course of lorulo.sis may 
arouse suspicion. In other cases the insidious onset, associated with 
signs of increased intracranial pressure, such as headaelie, vomiting, 
choked disk, and localized neurological features, has led to sub- 
temporal or suboccipital decompression for suspected intracranial 
tumour. 


6.-TREATMENT 

Cerebrospinal There is no Specific therapy for cerebrospinal torulosi.s. Iodides, even 
farm heroic dosage of 5 drachms daily, entirely failetl in the huiKis of 

Shapiro and Neal. By decreasing intracranial pressure, daily lumbar 
puncture brings some measure of relief and undoubtedly prolongs life. 
Realized In localized torulosis radical surgical treatment is indicated and may 
jorm successful. All the accessible lesions should be resected and for 

this purpose Jacobson advoated the cautery knife. 
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l.-INTRODUCTION 

1491.] The following table shows the total number of deaths from the 
commoner poisons in the years 1933‘-6 inclusive in England: 


Poisonous gases (all forms) - - ~ 8,127 

Coal-gas (included in the foregoing) ™ 7,955 

Lysol (solution of cresol with soap) - ~ 1,071 

Hydrochloric acid - - - - 319 

Hydrocyanic acid and cyanides - - 315 

Phenol and coal-tar distillates - - -275 

Barbituric acid group of drugs - - - 271 

Ammonia - - - - -165 

Oxalic acid and its salts - ■“ - 125 

Aspirin - - - - - 121 

Strychnine and preparations containing it - 55 

Opium, morphine, and preparations containing 

morphine - ^ 54 

Nicotine - - - - - 51 

Sulphuric acid ~ ~ - 39 

Arsenic 36 

Phosphorus ----- 23 

Sodium and potassium hydroxides - - 13 

Iodine ~ ~ - 10 

Chloroform ----- 10 

Nitric acid - - - - - 9 

Belladonna, atropine, etc. - - _ 7 

Paraldehyde ----- 7 

Cinchophen ----- 7 


In most cases of poisoning a chemical analysis is required either for 
diagnosis during life or to establish the cause of death. Specimens of Specimens 
vomit, urine, faeces, and cerebrospinal fluid collected in the early stages 
of the illness contain the greatest amount of the poison and are con- 
sequently most suitable for dispatch to the analyst. Further, it cannot 
be too strongly emphasized that the whole of the specimen, not a small 
sample, must be sent. Although in most cases an ounce of urine is 
sufficient for a bacteriological examination, such a quantity sent for 
analysis for poison would be useless, because the analyst, having 
detected the poison, proceeds to determine the amount present, to assist 
in forming an opinion about the quantity absorbed, which can only be 
ascertained if the whole of the sample is available. The same remarks 
apply with equal force to the cadaver. The whole of the organs, not 
portions, should be placed in clean all-glass stoppered wide-mouthed 
jars (see Vol. X, p. 46), and the stomach and intestines should not be 
opened. 
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At the necropsy lliclolknvingwhdc orpaiis sliould be sent for analysis: 
stomach with contents, liver, kidneys, spleen, and intestines; and all 
the urine in the bladder sinuikialsitbcsent. In certain eases oflunnieidal 
poisoning, notably arsenic, the rollavvinji; should ttlso be sent: brain, 
heart, lungs, nails, and siiinplcs of the hair, skin, nitiscle, and bone. 
When the question of homicide is not likely to arise, it is generally 
suflieient to reserve the stomach with contents, the liver, kidneys, an<l 
the urine in the bladder. Incases of suspected carbon monoxide poi.son- 
ing a tube of about one ounce rd' blood should be reserved, and the 
tube should be filled completely with the bUnHl,.so that there is no air- 
space at the lop of the tube, which should he linnly corked, not plugged 
with cotton-wool. 

All receptacles should be labelled with the nature of the contents, the 
name of the deceased, the date of the necropsy, and the signature of 
the person making the e.xamiiuition. The birtlles should tlien be scaled 
and handed over to the ntessenger taking them to the analy.st, a receipt 
for them obtained, and the bottles .sent with the inininunu of’tielay. 
Bottles of medicine, pills, or other liquids or solids which rerpiirc 
examination should be similarly treated. 

In the case of death front gaseous poisons, c.g, hyiirocyanie acid usetl 
for fumigation of houses or ships, or from the inhalation ttf vapours, 
such as carbon tetrachloride, as iniicti blood as possible should be 
collected at the necropsy and placed in a bottle with a lightly (itting 
stopper, and both lungs should he placed in a similar jar. 

In tliesections ol'this article dcalingwith individual poisons the smallest 
lethal dose is indicated whenever possible and in .some cases the average 
fatal dose. Thus it is slated that 2 grains of arsenic have eau.sed death, 
but that probably 4 to S.grains are average fattil doses. If the antilysl 
reports that 2 grains or more have been Ibund in the organs examined 
by him, the cause of death is certain. On the other hand, the finding of 
i grain by the analy.st may have equal significance if the report is read 
in conjunction with the known details of the illness. If the patient has 
died after several days’ illne.ss, the finding of J grain ofstrsenic htus just 
as much significance as the iinding of several grains after an illncs.s of 
a few hours, because poison i,s being excreted during each hour of the 
patient’s life. I have so often been asked: ‘How can you wty that the 
deceased has died of the particular poison, when only j grain has been 
found in the body, and the lowest fatal dose recorded is 4 to 5 grains?’ 
Detection of traces of an organic poison in the organs is often .sutticicnl 
evidence that a large quantity has been taken, especially when the drug 
in question is rapidly broken down in the body. 

The examination of certain tissues, c.g. epidermal structures in the 
case of arsenic, is impOirtant in cases in which many doses httve been 
given over a long period. A careful examination of the hair may enable 
the analyst to express an opinion about the length of time over which 
doses of this drug have been given. Medicinal dosage must be excluded, 
because the quantities found in the hair, when arsenic has been pre- 
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scribed for a long time, may equal those found in cases of homicidal 
poisoning in which several toxic doses have been given. 

Although homicidal poisoning is relatively uncommon in England, Diagnosis 
probably only a proportion of such cases result in the poisoner being 
brought to justice. This fact calls for the greatest vigilance on the part 
of the practitioner, upon whom alone rests the responsibility of the 
diagnosis. Many cases of homicidal poisoning have not been established 
until after an exhumation; in such cases the practitioner was satisfied 
that death was due to natural causes and he gave a certificate to that 
effect. 

The following points should be borne in mind when the diagnosis is 
under consideration. 

(i) In many illnesses there are premonitory symptoms, but in poisoning Prodrome 
these do not occur, (ii) Most poisons taken in large doses produce Onset of 
symptoms immediately or within a short time of being taken. When 
several, even comparatively small, doses are given, each dose exacerbates 
the symptoms, (iii) Sudden acute symptoms in a person of normal health 
or in stationary bad health are suggestive, but often there is a natural 
explanation, (iv) A sudden change in the symptoms of a person suffering 
from some disease must be carefully considered, unless the change is 
characteristic of the disease, (v) Poisoning usually occurs in relation to Relation to 
the taking of food, drink, or medicine not consumed by other persons, 
and a change of taste may be significant, (vi) Food poisoning usually 
affects all the partakers, but in homicidal poisoning there is usually one 
victim only, (vii) The course of the illness in poisoning is often one of Course of 
rapidly increasing severity followed either by death or by a recovery 
which is often much more rapid than in disease. 

After burial, even for a very prolonged interval, most mineral poisons Detection of 
can probably be recovered, in fact as long as there is any of the corpse 
left. The volatile poisons disappear in a few weeks. The organic poisons 
vary very much, but, unless a very long period has elapsed, an analysis 
is probably worth while. We have found morphine twenty months after 
burial. 

After cremation nothing will be found except one or two uncommon After 

, . cremation 

mineral poisons. 

The problems confronting the practitioner in cases of accidental and Accukntal 
suicidal poisoning are generally simple and straightforward; namely, 
the application of the appropriate treatment. If the patient recovers, 
there is nothing further to be done, save that in cases of accidental 
poisoning advice about the prevention of future accidents may be 
given. In certain cases of industrial poisoning there may be the ques- hulustnal 
tion of Home Office notification, and also that of compensation. In 
homicidal cases, however, there are many difficulties, and the prac- 
titioner will have a very anxious time not only in the protection of his 
patient but in the detection of the poisoner in order to prevent future 
attempts. 

If either persona! observation or information supplied by the patient 
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or by a third I'xirson leads the practitioner to susixct foul play, each 
detail must be critically examined and a natural explanation sought, 
upon which, in most instances, the suspicions will be proved groundless* 
In the rare cases in which they are justified the practitioner should not 
communicate his suspicions to any member of the patient's household 
or friends, unless he is satisfied that they can be trusted, hut, without 
betraying his motives, he must use his ingenuity to circumvent the 
suspected poisoner* If the suspicions were originally suggested by the 
patient, delusions should be excluded; if by a third person, the practi- 
tioner should beware of interested motives of that person and of an 
attempt made by a poisoner to implicate an innocent persoru 
A special nurse may be bfouglu in to take over tlic duties of anybody 
suspected of being guilty and to prepare all food for the patient; but she 
should be acquainted with the reason mily if the practitioner can rely 
on her co-operation. I'he suspected person and perhaps all other persons 
should be forbidden to visit the patient or only allowed to do so in the 
presence of the nurse, If serious symptoms develop, the practitioner 
should urge the removal of the patient to a hospital or a nursing home 
out of reach of the suspected poisoner. 

Specimens of excreta should be reserved for analysis, especially those 
passed within twenty-four hours of the time of the suspected administra- 
tion of poison. If the patient has alleged that he is being poisoned, he 
will presumably be willing to bear the cost of analysis; but a dilliculty 
arises when the allegations or suspicions must he kept secret. It is 
obviously unfair for the practitioner to bear the cost, and a request 
to the police to do so may precipitate matters unduly, as explained 
below. The alternative is an application by the practitioner to the 
Under-Secretary of State at the Home Office, who may, if he thinks 
fit, order an analysis at the expense of public funds and can delay police 
action until the analyst's report has been received. 

If it is thought that the medicine is being tampered with, the prescrip- 
tion may be modified, so that the addition of poison will be betrayed 
by a change of taste or of colour. 

Careful notes of every incident should be made at the time and kept 
for reference. 

It is advisable to call in another practitioner as con.sultant aiul to 
communicate the suspicions to him; in this way an independent witness 
is secured. When the two practitioners are certain of foul play, but not 
before, they should communicate with the police. A premature investiga- 
tion by the police, with its lengthy interrogations and perhaps detention 
of persons, may lead, if the suspicions are later proved groundless, to 
an action for damages against the practitioner and to the ruin of his 
practice, 

^ The practitioner must take special care in such a case when the patient 
is a stranger, because possibly he has been called in by the poisoner 
either because he does not know the patient or because, if he refuses 
to grant a certificate, the poisoner may have recourse to the deceased’s 
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usual medical attendant, whom he may persuade to grant a certificate 
based on his knowledge of the deceased’s general ill-health. 

In all cases of death due to poison the practitioner must refuse a death 
certificate and should inform the coroner o^ all the circumstances as 
soon as possible. If poison is merely suspected, it is advisable, especially 
if there has been any allegation or mention of it, to inform the coroner. 

In some cases it may be advisable to issue a death certificate and to 
inform the coroner that poisoning is suspected. Before leaving the 
deceased’s house the practitioner should take possession of all medicine 
bottles and glasses and any food or material suspected of containing 
poison, lest such possible evidence be destroyed. 

The following Counsel’s opinion, obtained by the Royal College of Criminal 
Physicians of London, sets out the legal obligations of the practitioner 
in cases of criminal abortion by drugs or by other means. This statement 
is authorized by the Royal College of Physicians and is based on 
Counsel’s opinion obtained by them: 

‘Royal College of Physicians of London 

‘Resolutions concerning the Duties of Medical Practitioners in Rela- 
tion to Cases of Criminal Abortion: 

‘The College is of opinion — 

‘(i) That a moral obligation rests upon every medical practitioner to 
respect the confidence of his patient; and that without her consent he 
is not justified in disclosing information obtained in the course of his 
professional attendance on her. 

‘(ii) That every medical practitioner who is convinced that criminal 
abortion has been practised on his patient, should urge her, especially 
when she is likely to die, to make a statement which may be taken as 
evidence against the person who has performed the operation, pro- 
vided always that her chances of recovery are not thereby prejudiced, 

‘(iii) That, in the event of her refusal to make such a statement, he is 
under no legal obligation (so the College is advised) to take further 
action, but he should continue to attend the patient to the best of his 
ability. 

‘(iv) That, before taking any action which may lead to legal proceed- 
ings, a medical practitioner will be wise to obtain the best medical and 
legal advice available, both to ensure that the patient’s statement may 
have value as legal evidence, and to safeguard his own interest, since 
in the present state of the law there is no certainty that he will be 
protected against subsequent litigation. 

‘(v) That if the patient should die, he should refuse to give a cer- 
tificate of the cause of death, and should communicate with the 
coroner.’ 

Although this opinion was given in cases in some which illegal opera- 
tion or similar act had been performed, it is equally valid in cases in 
which the noxious drug was placed in the woman’s hand. 
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66 TOXICOLOGY [voi.xii 

In the following pages a description is given of the more iinportanl 
poisons. 


2.~CiAS!;S 

(1) — Carbon Monoxide 

1492.1 Moi'o deaths arc dne to this gas tlian to any other poison. Miist of 
the deaths aresnicidah hut many arc accidental and only a few htvinicidal. 
Although the number of deaths is accurately known, it i,s impossible to 
estimate even approximately the number of the non-lata! ca.scs, which 
appear to fallinto two groups: (i) tlio.se with acute aiul urgent symptoms 
•which arc recovered from, and (ii) those due to regndar small doses 
without any of the symptoms associated with acute poisoning;. In the 
second group, in which perhaps to K per cent of the hacinogdobin 
becomes converted into carboxyhaemogiohiu, tlie patients may suHcr 
from vague disorders. Although the as.sociation cau.se and eUcet is 
in most instances incapable of prouf, there is evidence that some eases 
of the neurasthenic syndrome arc due to such poisoning. 

Carbon monoxide is a colourless and odourless gas with a vapour 
density of 14, that o! hydrogen being 1, the atmosphere 14'4, and carbon 
dioxide 22. Carbon monoxide, being slightly lighter tlum air, tends to 
rise to the lop of a room, whereas carbon dioxide lends to sink; Inil 
for this fact more dculhs would undoubtedly oeeur. Carbon monoxide, 
when present in sulllcient conceiUratioii in air, explodes when a llame 
or spark comes iirto contact with the mixture. The gas burns with a 
bluish flame, as seen at the top of a clear lire. Us poisonous ellcct is 
greatly enhanced if it is inhaled with con.siderable concentrations of 
carbon dioxide. For this reason persons found dead in buildings after 
a fire have rarely been burnt to death; uncomsdousness, or death, htis 
generally supervened before the ikmes have reached them. 

Coal-gas containsabout 14pcr cent of carbon monoxide; consequently 
an escape from an unlit gas-burner or from a damaged pipe rapidly 
proves fatal. Generally the characteristic odour of coal-gas is present, 
but in some eases in •which the leakage has occurred underground the 
passage of the gas through soil and the foundations of a house may so 
deodori/.o the gas that it is not readily detected by siirell. Burnt coal-gas 
has but little odour. Defective apparatus leading to incomplete com- 
bustion, or insuflicient vcntilulion to remove the products of combustion, 
takes its toll. 

The following are the most important sources of carbon monoxide 
apart from coal-gas amd the appliances in which it is burnt: coal, coke, 
and charcoal stoves, especially those of the enclo.sed type, in which 
the rate of combustion is controlled by the air intake; various chemical 
manufactures; exhaust gas from motor cars; every internal combustion 
engine produces carbon monoxide, the quantity produced depending on 
the efficiency of the engine; mine explo,sions, blasting operations, and 
gun-fire, the well kno'wn ‘after damp’ in a coal-mine expUxsion being 
a mixture of carbon monoxide and carbon dioxide; factory furnaces, 
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blast furnaces, and railway-engine smoke; and tunnels through which 
heat engines or internal combustion engines pass. 

Carbon monoxide combines with haemoglobin, forming carboxyhaemo- Action on 
globin, which, being more stable than oxyhaemoglobin, prevents oxygen 
from combination. The reaction, however, is reversible; therefore, if a 
gassed person is placed in the open air where there is no carbon 
monoxide, the oxygen inhaled can displace the carbon monoxide from 
its blood combination. The combination of haemoglobin and carbon 
monoxide in carboxyhaemoglobin is stated to be nearly 300 times as 
strong as the combination of haemoglobin and oxygen in oxyhaemo- 
globin; therefore, if a concentration of 0-33 per cent of carbon monoxide 
in pure oxygen is inhaled, the haemoglobin of the blood eventually 
becomes 50 per cent saturated; but, since approximately only one-fifth 
of the atmosphere consists of oxygen, the requisite concentration of 
carbon monoxide in the air to produce a 50 per cent saturation of the 
blood is 0*066 per cent. 

The lowest concentration of carbon monoxide in the air that will 
produce symptoms of poisoning is 0*01 per cent, but such a concentra- Lethal 
tion would not be lethal. Quantities above 0*07 per cent are potentially 
lethal, and, as the concentration rises, death is more and more certain 
in a shorter and shorter time. 

(a) Acute Poisoning 

The post-mortem appearances are very variable. They depend on the Morbid 
degree and duration of poisoning, the treatment, and the time of survival 
after exposure. Very often signs of carbon monoxide poisoning ac- 
company death from burns, the victim often being unconscious from 
carbon monoxide poisoning before being burnt. In the common type 
of case, in which the patient is found dead in a gas-filled room, there is 
usually no evidence of struggling. The face is composed, and the eyes 
are closed. The skin is pinkish, but after hypostasis has occurred the 
colour is confined to the hypostatic areas. The blood is fluid and almost 
uniformly cherry-red in veins, arteries, and tissues. Post-mortem clot is 
absent, except occasionally for a small shreddy remnant in the heart. 

The organs are all congested, cherry-red, and somewhat oedematous. 
Associated with the oedema there may be polycythaemia, due to con- 
centration of the blood. The lungs are congested and oedematous, and 
the air-passages contain frothy fluid. There may be a few petechiae, 
especially on the pleurae. 

Some cases have shown red patches and even blisters in the skin. Blisters 
These lesions, which are not common, may be symmetrical, e.g. on 
both palms, or occur along the course of a nerve. They are probably 
due to slight irritation or injury in a state of increased capillary per- 
meability. Artificial respiration always leaves marks of bruising. 

In rapidly fatal cases death is often accompanied by convulsions, and in rapidly 
there may be bruising and evacuation of faeces. Petechial haemorrhages 
are more numerous and maybe present on the skin, pleurae, pericardium, 
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and brain. Tiic licart i.s dilated, and the viscera are conge, sled. Tlie Iluid 
blood is highly carhovylated. Sometimes (he hone marrow and spleen, 
owing to their sluggish eircutalion, show very little change. At other 
times the spleen is enlarged and shows eherryaed congestion. 

In a few ca.ses in which the inltaled gas also contained considerable 
proportions of carbon dio.sidc or lucked (he normal proportions of 
oxygen found in the air. lividity of (he body may to some esteni mask 
the characteristic bright cherry-red colour of the corpse. 

When (he patient has been renroved from the intluenee of the gas. tlic 
cherry-red coloration may he con.siderahly reduced, tivcii al'tcr one 
hour's treatment it may nut be easily discernible. When the eiretimstanecs 
do not clearly indicate the nature of the ease, an unpiiMisherl observa - 
tion by Newcomb may he of great value: small [heees of tissue taken 
for microscopy quickly lose (heir red colour in formol-saline. hut if 
earboxyhiicmoglobin is present the cirlour persists for forty-eight hotirs 
and longer. The supernatant Iluid also remains coloured. 

In patients who have died in coma several days alter tire gassing, 
hypostatic pneumonia is generally present. Tire ceils of tire cerebral 
grey matter show degenerative changes, and there may Ire peteeliial 
haemorrhages. In some of these eases there is bilateral softening of the 
pallidal part of the lenticular nuclei. HadlieUl associateil tlris wiltr the 
arterial .sidcrosis found in the globus pallidus in about .M) per cent of 
people over twenty, Sidcrosi.s of the globus pullidtisand its arterial supply 
is greater in the anterior half of the ganglioti, which is where the .soften- 
ing occurs. There can belittle doubt that the .softenings arc thrombotic 
in origin. With severe utheromato.sis cerebral softening niay be more 
extensive and irregular. 

When atmospheric air containing carbon monoxide is inhaled, the 
percentage of haemoglobin combined with carbon monoxide stettdily 
rises, but the first symptoms arc not noticed until tlic 20 per cent level 
is reached: shortness of breath on exertion, headache, and lassitude. 
At 30 per cent there arc severe headache, nausea, giddiness, tinnitus, 
and throbbing of the heart. There is con.siderublc dy.spnoea on the 
slightest exertion. 

Other symptoms arc convulsions and involuntary pus.sagc of urine aiul 
faeces in the late stages. An examination of the patient may .show patches 
of reddish-pink discoloration of the skin and sometimes blisters, 
resembling those due to burns, commonly situated on the hands and 
feet. Glycosuria and albuminuria have been recorded. 

The urgent symptoms incrcatjc with the rising percentage of carbon 
monoxide, until at between 50 and 60 per cent unconsciousness occurs, 
and at 75 to 80 per cent death takes place, ’rhe.se figures apply to a fairly 
rapid rise in concentration. If, however, the carbon monoxide content 
of the air is such that the rise of blood carbon monoxide is very slow, 
unconsciousness may supervene at a lower concentration, and, if the 
patient remains unconscious for a long time, death may take place 
at the 50 to 60 per cent level. If, however, he is removed from the 
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atmosphere before death occurs, he may remain unconscious for some 
hours and may die or gradually recover. This is due to the damage 
to the brain cells by a long-continued anoxaemia. 

When a patient is removed from the poisonous atmosphere, the carbon Recovery 
monoxide rapidly disappears from the blood, and a sample of blood 
taken ^ to I hour later may fail to show any carbon monoxide or at 
most 5 to 10 per cent. If the person is found dead in a gas-filled room, a 
determination of the carbon monoxide in the blood will often show 
quantities of 70 to 80 per cent. 

During convalescence headache may be troublesome, and peripheral 
neuritis, mainly of the lower extremities, with tenderness over the nerves, 
has been described. Finally, various mental disturbances with amnesia 
occur. 

In cases in which the carbon monoxide has been derived from burnt 
gas and consequently the cause of the coma has not been suspected, 
the diagnosis has sometimes been completely missed owing to the rapid 
disappearance of carbon monoxide from the blood. 

(b) Chronic Poisoning 

Symptoms associated with chronic poisoning by carbon monoxide are Diagnosis 
common to other conditions; therefore diagnosis can only be made 
when proof is forthcoming of the exposure to the gas. Nevertheless 
many writers regard this condition as commoner than is usually sus- 
pected. If the diagnosis is attempted, it should be realized that concentra- 
tions of 5 to 8 per cent must be expected. The ordinary chemical and 
spectroscopic tests will therefore not yield positive results, and recourse 
to special methods must be made, such as the Hartridge reversion 
spectroscope. The sample of blood must be taken at the time of exposure 
and examined at once. 

The symptoms are those generally of neurasthenia, with headache, Symptoms 
nausea, want of energy, a tired feeling, lack of concentration, irritability, 
giddiness, especially on looking upwards, and ataxy. Sometimes a 
secondary anaemia with a lymphocytosis may be found. 

When chronic poisoning from carbon monoxide is suspected, it may Test of 
be worth while to test the suspected atmosphere by one of the recognized 
chemical methods, but, for example, in a living room in which some 
heating apparatus is suspected, a mouse in a cage may be placed so that 
it will inhale any fumes from the apparatus. These animals are very 
sensitive to very small concentrations of carbon monoxide, and in the 
event of death the blood may readily be examined with the spectroscope 
for the presence of carbon monoxide (see Vol. II, Plate VI, facing 
p. 499). 

Removal of the source of carbon monoxide is the essential factor in Treatment 
treatment. 

(2)— War Gases 

See title Gassing and Poison Gases in War, Vol. V, p. 502. 
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(1)— Acids 

{a) Hydrochloric Acid 

{Syninirtn. Si^irif'i 

1493,|This is a colourless lujuid \vtic« pure. coiUuiniiJf>; 3’ (HT cent by 
weight of hydrogen chloride in solutiisn. I'he strong acid readily gives oil’ 
fumes of hydrogen chloritle. Most eases ol' poisoning are suicid;il. 

Since the action of this acid niainly depends on its eonecntralitm. it is 
not possible to fix the fatal dose, hut death has been due to abtnit half 
a fluid ounce of the strung acid. The fatal {seriod depends on tlie 
quantity taken. !>eath has occurred in a few minutes, hut usually it 
occurs within twenty-four hours. 

The skin ofTcrs greater resistance to hydrochloric than to sulphuric 
and nitric acids, and cutaneous corrosion afwut tlie inoutli is iimtsual; 
hut it may be seen when (he skin is thin, as in early ehildhood, when 
the exposure is pro!ong:ed, and when the add is concentrated ; the elfeets 
are generally less severe also on the mucous surfaces. In the upper food- 
passage, s the ehange.s may be very slight. As a rule (here is extensive 
inlkmmatory reddening with pelcehiac; the epithelium of the piiarytu 
and oesophagus may in places be white and opaque. Unless this 
necrosed epitlicliuin i.s detached, the underlying iiitlammiition is 
ohseiircd. Sontetimes the changes resemble those produced by tire more 
strongly corrosive acids. The .stomach is usually contracted, witli pro- 
minent corrugation of the mucosa which is a little hardened and slaty- 
grey or brownish. The corrosion, however, is often much more intense, 
with acid necrosis of haemorrhagic tissue and the formation of hkiek 
sloughs, the black colour being due to acid haematiii. The changes are 
more marked along the lines of (he rugae, especially upon the riependent. 
i.c. posterior, wall of (he fundus. In severe cases perforatiim is common. 
The small intestine in typical cases is only slightly nlfccfcd. Strong acid 
corrosive effects due to inhalation of fumes arc common and include 
oedema of the larynx, petechial reddening of the trachea and bronchi, 
and congestion and oedema of the lungs. 

There is immediate burning pain from the mouth to the stomach and 
radiating over the abdomen. The .skin round (he mouth ttnd the mucous 
membrane of the mouth and throat are destroyed, being whitish at 
first but soon becoming brownish and separating in .shreds. The voice 
is husky, and there are retching and vomiting, the vomit euntaining 
shreds of mucous membrane and altered blood, which is strongly acid. 
There are shock and collapse, with a rapid feeble pulse, coldness in the 
extremities, clammy sweating, thirst, and depression. 

Acid burns are often seen on the clothing. 

Owing to the volatility of hydrogen chloride, or when some of the 
liquid reaches the air-passages, there may be inflammation of the glottis 
and larynx and later oedema of the lungs, with dyspnoea and the usual 
physical signs. Constipation is the rule. Perforation of the .stomach is 
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common. Should the patient survive, strictures of the oesophagus or of 
the pylorus may occur. The gastric mucosa is largely destroyed with 
loss of function, and eventually surgical treatment for the relief of 
stricture may be necessary. 

Prognosis is bad in the patients who recover from the acute symptoms. Prognosis 

Alkalis should be administered immediately, but carbonates and Treatment 
bicarbonates must be avoided because they generate carbon dioxide, 
which may distend and burst the stomach. Since the patient has 
dysphagia, the alkalis should be given in solution; the best preparation 
is saccharated solution of calcium hydroxide (Ume-water), but in an 
emergency soap solution may be utilized. Demulcents may also be 
given, e.g. milk, oil, albumen, and barley water. Morphine is necessary 
to relieve pain, and the state of shock will require suitable remedies. 
Occasionally the condition of the glottis necessitates tracheotomy. The 
stomach-tube must not be used on any account. 


{b) Nitric Acid 

(Synonyms. — Aqua fortis; red spirit of nitre) 

This is usually a colourless liquid but is sometimes reddish-brown Physical 
owing to the presence of oxides of nitrogen. The ordinary strong acid 
contains 70 per cent by weight of nitric acid, HNO 3 , but there is also 
manufactured a stronger preparation, fuming nitric acid, which is always 
reddish-brown and contains about 94 per cent by weight of nitric acid. 

Both strengths readily give off acid fumes. 

The fatal dose and period are the same as for hydrochloric acid Fatal dose and 
(seep. 70). 

Though it is interfered with by other colour changes, the most striking Morbid 
feature at necropsy is the bright yellow coloration of the xanthoproteic 
reaction. The circumoral skin is almost always stained, because the acid 
reacts so readily with the dead keratin. Evidence of deeper corrosion, 
however, is less frequent. On the mucous surfaces the effects may be as 
severe as with sulphuric acid. They depend on the concentration, dose, 
treatment, and time of exposure. Two grades or stages of corrosion 
can be recognized: (i) epithelial necrosis and yellow staining associated , 
with inflammatory and petechial reddening; and (ii) deeper necrosis of 
haemorrhagic tissue with the massive formation of acid haematin. The 
changes of the first grade are diffuse. Those of the second follow where 
there are much friction and muscular movements which break up the 
caked necrotic surface and expose the deeper layers. The changes are 
usually most pronounced in the fundus of the stomach, where the bulk 
of the poison is accommodated. Perforation of the stomach here, before 
or after death, is not uncommon. 

In a typical case the mucous membrane of the mouth, pharynx, and 
oesophagus is mottled yellow and red. In the lower end of the oesophagus 
and where it crosses the bronchus the wall may be thickened, dark 
greenish-brown or black, the friable surface being broken up and 
flaking. The pillars of the fauces, the upper part of the epiglottis, and 
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3.-CORROSlVi;S 

(1)— Adds 

(a) Hydrochloric Acid 

(Synonym.- Spii'ils ol sails) 

1493.] This is a colourless liquid when pure, containing 32 per cent by 
weight of hydrogen chloride in solution. The strong acid readily gives oil 
fumes of hydrogen chloride. Most cases ot poisoning aie suicidal. 

Since the action of this acid mainly depends on its concent nit ton, it is 
not possible to fix the fatal dose, but death has been due to about half 
a fluid ounce of the strong acid. The fatal period (.lepends on (he 
quantity taken. Death has occurred in it few minutes, but usutilly it 
occurs within twenty-four hours. 

The skin offers greater resistance to hydrochloric than t<i sulphuric 
and nitric acids, and cutaneous corrosion about the mouth is unusual, 
but it may be seen when the skin is thin, its in early childhood, when 
the exposure is prolonged, and when the acid is conccniralcd; the ellccts 
are generally less severe also on the mucous surlaees. In the upper food- 
passages the changes may be very slight. As a rule there is extensive 
inflammatory reddening with pctcchiac; the epithelium ol tite phttrynx 
and oesophagus may in places be white and opitquc. Unless this 
necrosed epithelium is detached, the underlying infhimmation is 
obscured. Sometimes the changes roseinbte those produced by the more 
strongly corrosive acids. The stomach is usually contracted, with pro- 
minent corrugation of the mucosa which is a little hardened tind slaty- 
grey or brownish. The corrosion, however, is ollcn much more intense, 
with acid necrosis of haemorrhagic tissue and the formation of black 
sloughs, the black colour being due to acid hacmatin. I he changes are 
more marked along the lines of the rugae, especially upon the dependent, 
i.e. posterior, wall of the fundus. In severe cases perforation is common. 
The small intestine in typical cases is only slightly alfcctcd. Strong acid 
corrosive effects due to inhalation of fumes are common and include 
oedema of the larynx, petechial reddening of the trachea and bronchi, 
and congestion and oedema of the lungs. 

There is immediate burning pain from the mouth to the stomach and 
radiating over the abdomen. The skin round the mouth and the mucous 
membrane of the mouth and throat arc destroyed, being whitish at 
first but soon becoming brownish and separating in shreds. The voice 
is husky, and there are retching and vomiting, the vomit containing 
shreds of mucous membrane and altered blood, which is strongly ticid. 
There are shock and collapse, with a rapid feeble pulse, coldness in the 
extremities, clammy sweating, thirst, and depression. 

Acid burns are often seen on the clothing. 

Owing to the volatility of hydrogen chloride, or when some of the 
liquid reaches the air-passages, there may be infiammation of the glottis 
and larynx and later oedema of the lungs, with dyspnoea and the usual 
physical signs. Constipation is the rule. Perforation of the stomach is 
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common. Should the patient survive, strictures of the oesophagus or of 
the pylorus may occur. The gastric mucosa is largely destroyed with 
loss of function, and eventually surgical treatment for the relief of 
stricture may be necessary. 

Prognosis is bad in the patients who recover from the acute symptoms. Prognosis 

Alkalis should be administered immediately, but carbonates and Treatment 
bicarbonates must be avoided because they generate carbon dioxide, 
which may distend and burst the stomach. Since the patient has 
dysphagia, the alkalis should be given in solution; the best preparation 
is saccharated solution of calcium hydroxide (lime-water), but in an 
emergency soap solution may be utilized. Demulcents may also be 
given, e.g. milk, oil, albumen, and barley water. Morphine is necessary 
to relieve pain, and the state of shock will require suitable remedies. 
Occasionally the condition of the glottis necessitates tracheotomy. The 
stomach-tube must not be used on any account. 


(fe) Nitric Acid 

{Synonyms . — Aqua fortis; red spirit of nitre) 

This is usually a colourless liquid but is sometimes reddish-brown Physical 
owing to the presence of oxides of nitrogen. The ordinary strong acid 
contains 70 per cent by weight of nitric acid, HNO 3 , but there is also 
manufactured a stronger preparation, fuming nitric acid, which is always 
reddish-brown and contains about 94 per cent by weight of nitric acid. 

Both strengths readily give off acid fumes. 

The fatal dose and period are the same as for hydrochloric acid Fatal dose and 
(seep. 70). _ 

Though it is interfered with by other colour changes, the most striking Morbid 
feature at necropsy is the bright yellow coloration of the xanthoproteic 
reaction. The circumoral skin is almost always stained, because the acid 
reacts so readily with the dead keratin. Evidence of deeper corrosion, 
however, is less frequent. On the mucous surfaces the effects may be as 
severe as with sulphuric acid. They depend on the concentration, dose, 
treatment, and time of exposure. Two grades or stages of corrosion 
can be recognized: (i) epithelial necrosis and yellow staining associated , 
with inflammatory and petechial reddening; and (ii) deeper necrosis of 
haemorrhagic tissue with the massive formation of acid haematin. The 
changes of the first grade are diffuse. Those of the second follow where 
there are much friction and muscular movements which break up the 
caked necrotic surface and expose the deeper layers. The changes are 
usually most pronounced in the fundus of the stomach, where the bulk 
of the poison is accommodated. Perforation of the stomach here, before 
or after death, is not uncommon. 

In a typical case the mucous membrane of the mouth, pharynx, and 
oesophagus is mottled yellow and red. In the lower end of the oesophagus 
and where it crosses the bronchus the wall may be thickened, dark 
greenish-brown or black, the friable surface being broken up and 
fl aking . The pillars of the fauces, the upper part of the epiglottis, and 



72 


TOXICOLOGY 


[vot,. XII 


Symptoms 


Treatment 


Physical 

properties 


Causes of 
poisoning 


Fatal dose 
and period 

Morbid 

anatomy 


the back of the buccopharynx may be similarly alTcclcd. There may be 
considerable oedema of the valleculac and laryngeal vestibule. In the 
stomach the black sloughing mucosa of the fundus may be coated with 
black tarry blood. Usually the pyloric end of the stomach shows less 
severe corrosive inflammatory changes, which extend for a variable 
distance into the small intestine. Bile staining, which in this region must 
be distinguished from the xanthoproteic coloration, is not so bright 
and opaque and does not react to ammonia. The lungs arc congested, 
and especially with the strong and ‘fuming’ acids there may be corrosive 
changes in the air-passages. The other organs show parenchymatous 
degeneration. The remote effects are similar to tho.sc of sulphuric acid 
(see p. 73). 

In general the symptoms of nitric acid poisoning arc similar to tho.sc 
of hydrochloric acid poisoning (see p. 70), but the staining of the 
mouth is bright yellow, due to the xanthoproteic reaction. The vomit 
may contain, in addition to altered blood, bright yellow shreds of 
detached mucous membrane. The action of the acid on the li.ssues leads 
to the formation of gas; consequently distressing acid eructations are 
common. Respiratory embarra.s.sment may require tracheotomy, and 
some hours after the taking of the poison there may he hroncliitis and 
acute oedema of the lungs. 

Treatment should follow the lines indicated on page 71 , but, in view of 
possible pulmonary complications, which arc much more likely to occur 
than in hydrochloric acid poi,soning, it is desirable to support the patient 
on pillows. 

(c) Sulphuric Acid 

{Synoi\ym.~(y\\ of vitriol) 

This, when pure, is a colourless oily liquid containing 95 to 9« per 
cent of the acid, H 2 SO 4 . It is a powerful dehydrating agent, anti when 
added to water, produces a considerable ri.se in temperature of the 
mixture. Organic substances arc readily charred when brought into 
contact with the strong acid. 

It has been used in mistake for oil, glycerin, and .syrups with fatal 
results and has actually been put in the ear. The crime known as vitriol 
throwing consists of projecting some of the strong add at the victim. 
The fatal dose and period of survival are the same as for hydro- 
chloric acid (see p, 70). 

The post-mortem changes vary with the strength and dose. With 
accumulator acid (strength about 25 per cent) they resemble those seen 
with hydrochloric acid (see p. 70). When the acid is highly conccntnttcd 
however, dehydxative charring is a distinguishing feature. The charred 
areas are brownish to black, but blackening, as with other acid.s, i.s due 
mostly to acid necrosis and the formation of acid hacmatin. Corrosion 
with blackening of the lips and circumoral skin is almost constant. The 
tongue IS greatly swollen, the mucous membrane being opaque white or 
brown. The teeth are chalky white and lustreless. The fauces, epiglottis. 
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and back of the pharynx are severely corroded. The aryepiglottic folds 
are swollen, laryngeal oedema being sometimes the cause of death, 
especially in children on account of their small size. The oesophagus is 
contracted, corrugated, and swollen; where it crosses the bronchus and 
at its lower end there is generally severe corrosion, the lesions being 
sometimes linearly arranged along the folds. Occasionally the changes 
in the passages above are surprisingly slight and are nearly always less 
severe than in the stomach. In this organ the changes are less towards 
the pyloric end and may be confined to the rugae, which are blackened 
and eroded. In severe cases the wall is extensively damaged, being 
black, friable, and often perforated. Perforation with escape of the 
stomach contents into the peritoneal cavity is associated with superficial 
blackening of the adjacent viscera; usually perforation is the result 
of post-mortem corrosion; when it has occurred before death, the 
quantity escaping into the abdominal cavity may be considerable 
and peritonitis may follow. Owing to post-mortem diffusion of the 
acid the blood in the large vessels of the trunk may be tarry or inspis- 
sated, like sticks of liquorice. The small intestine is usually affected for 
only a short distance, the lesions being most marked on, or confined to, 
the transverse folds. Sometimes, however, lesions occur even in the 
lower ileum. 

The body shows signs of dehydration. The liver may be fatty, and 
there may be parenchymatous degeneration in other organs. The lungs 
are congested and may show acid digestion. When the poison has been 
directly aspirated into the lungs, destruction of the soft and skeletal 
structures of the thorax may be very striking. Broncho-pneumonia is 
unusual and present only when death has been delayed for a few days. 

In patients who have recovered from the immediate symptoms but 
have succumbed later to the cicatricial scarring in the oesophagus and 
stomach there are the changes of inanition cachexia. 

When this acid comes into contact with the skin, it causes great pain, Symptoms 
burning, and permanent scarring. Should any reach the eye, blindness 
commonly results. Owing to its dehydrating and charring effects the 
symptoms are even more severe than those seen with the other mineral 
acids, but, unless any of the acid reaches the air-passages, respiratory 
embarrassment is not likely to occur. The tongue rapidly swells, the 
corrosion extending to the deeper layers. Salivation is profuse and, 
owing to the pain and corrosion of the throat, swallowing is very 
difficult. There are extreme thirst, retching, and vomiting of black 
material, which is partly altered blood and partly charred shreds of 
mucous membrane. Collapse and shock are severe. Perforation of the 
stomach is common. Unless a very small dose has been taken, recovery 
is not common, but when it occurs there are generally formation of 
strictures and loss of gastric function. 

Treatment is essentially the same as for hydrochloric acid (see p. 71), Treatment 
but the excessive dysphagia renders difficult the administration of 
antidotes. Morphine is always necessary for pain. 
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(2)— Alkalis 

(a) Potassium and Sodium Compounds 
1494] The caustic alkalis comprise potassium hydroxide, strong con- 
centrations of potassium carbonate, sodium iiydroxidc, and strong 
concentrations of sodium carbonate. The hydroxides arc commonly 
• prepared in stick form and are deliquescent solids. 

Since concentration plays a very important p;irt in the ctfects of 
poisoning by these substances, it is difficult to fix an average fatal dose. 
Probably about half an ounce of the hydroxide and larger quantities of 
the carbonates would have to be taken to produce death. 

The period during which death may occur largely depends on the 
quantity taken; when large doses have been swallowed, death may 
follow in about twelve hours or, if the acute phase is recovered from, 
death may be delayed for weeks. In more than half the fatal cases 
death is due to inanition or to accidents attending the treatment of 
cicatrices produced by the poison. 

The post-mortem appearances differ entirely according as death occurs 
early from caustic corrosion or late from cicatricial stenosis, this 
difference being determined in the fir,st place by the concentration and the 
dose of the poison .swallowed, the degree of corrosion depending on the 
concentration, and the anatomical distribution of the lesionson thedose. 
In acute cases the following appearances arc commonly met, 'I'he 
lips, cheeks, gum.s, and tongue are .swollen. In the pharynx and the 
oesophagus (where it crosses the left bronchus and at the lower end) the 
corrosion is more .severe. The wall i,s swollen by oedema, and the necrotic 
surface is haemorrhagic and fibrinous. As a rule patches of hactnorrhagic 
necrosis, brownish from the formation of alkaline hacmatin, are present 
in the stomach; since they tend to occur on the dependent parts, the 
lesser curvature may escape and the po.stcrior wall be affected most. 
The contents arc usually brownish owing to altered blood. In most 
cases, especially as the result of treatment, they arc acid. In very marked 
contrast to what happens in poisoning by .strong mineral acids, perfora- 
tion is extremely rare, It would appear that the acidity of the gastric 
secretion is to some extent protective. In the.se Ciises death is due to 
shock, and the right heart is found empty. In other ettsos death is the 
result of asphyxia from laryngeal corrosion and subsequent oedema; 
this is more likely to occur in children owing to the small size of the 
larynx. When death is delayed for several days it may be due to aspira- 
tion broncho-pneumonia. 

In patients who succumb after many weeks or months there are general 
wasting and anaemia from the starvation due to cicatricial stenosis, 
which is commonest in the oesophagus and especially at the following 
levels: the lower end, opposite the tracheal bifurcation, and the upper 
end. Stenosis may he single or multiple, or the whole oesophagus mi»y 
be affected. The obstruction may be complete. 

Cicatncial scarring may also occur in the stomach and produce pyloric 
stenosis or prepyloric stenosis with the formation of hour-glass 
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deformity. Whether or not corrosive scarring predisposes to malignant 
disease is uncertain, but chronic peptic ulceration may occur. The great 
majority of chronic cases will have undergone surgical treatment, and 
very often death is due to post-operative shock, broncho-pneumonia, or 
some accident, such as false passage by a bougie. 

The degree of concentration of the poison is the important factor. Symptoms 
When a concentrated solution is taken, a slimy soapy sensation is 
noticed, followed by an intense burning pain extending from mouth to 
stomach. The lips and tongue are swollen, the mucous surface being at 
first whitened but later brownish. Retching and vomiting occur immedi- 
ately. The vomit, apart from food, is at first mucoid and strongly 
alkaline to litmus; later it is brownish and contains alkaline haematin 
with necrotic shreds of mucous membrane. Shock is severe, the skin 
being cold and clammy and the pulse rapid and feeble. There is 
generally diarrhoea. Patients dying from shock are clear mentally until 
the end. The larynx may be affected, causing a spluttering cough and 
dysphonia. There may be associated respiratory obstruction requiring 
tracheotomy, especially in children. Aspiration of material into the lungs 
may set up fatal broncho-pneumonia. 

When the concentration has been low, the symptoms are correspond- 
ingly slight and, if treatment is prompt and energetic, there may be 
complete recovery. When corrosion has occurred, there will always be 
cicatricial contracture later. This is commonest in the oesophagus, 
resulting in dysphagia, which may lead to complete obstruction. The 
damage to the stomach will lead to loss of gastric function; the patient 
wastes and even with efficient treatment will be likely to die from inani- 
tion in a few weeks to a year. Perforation of the stomach in the acute 
stage has occurred but is uncommon. 

The poison should be immediately diluted with water containing some Treatment 
dilute acid, e.g. vinegar or lemon juice. These acids, however, must be 
avoided if the carbonate has been taken, and magnesium sulphate 
should be substituted. Some authorities suggest the use of the stomach- 
tube, but this is better avoided on account of the damage that may be 
effected. Demulcents, e.g. white of egg, barley water, and oily emulsions, 
may be given. Shock must be combated, and morphine will be required 
to relieve the pain. Respiratory embarrassment may make tracheotomy 
necessary. 

Patients who recover from the acute stage will probably require 
surgical treatment later for the relief of contractures in the stomach and 
oesophagus. 

(b) Ammonia 

The corrosive changes due to poisoning by ammonia are less intense 
than those due to the fixed alkalis, and the amount taken tends to be 
smaller because of the difficulty in swallowing ammoniacal solutions. 

For these reasons the percentage mortality is lower. The incidence of 
ammonia poisoning, however, and the total mortality are very much 
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greater than those of the fixed alkalis. Poisoning may occur from the 
escape of ammonia fumes from refrigeration plants. 

Death is generally due to the clTcct of the ammonia gas on the air- 
passages. Cicatricial scarring in patients who recover is not common, 
because ammonia is a much weaker alkali than sodium or potassium 
hydroxide, and because such scarring would only be likely to occur 
when a considerable quantity of the concentrated poison had been taken, 
i.e. in cases which are nearly always fiital in the acute stage. 

It is almost impossible to fix the quantity which would be likely to be 
fatal, because the concentration of the poison is of paramount import- 
ance, and because in so many of the fatal ca.scs neither quantity nor 
concentration is known; 6 fluid drachms of a 10 per cent solution have 
caused death in an adult. 

When very concentrated solutions have been swallowed, or when the 
gas has been inhaled in concentrated form, death may follow very 
rapidly, i.e. in a few minutes. When the poison is loss concentrated, 
death may be delayed and occur from respiratory embarrassment due 
to acute pulmonary oedema. 

The most important changes are in the respiratory tract. The vestibular 
part of the larynx is corroded and oedematous, and the glottis may 
be completely obstructed. The tracheo-bronehial mucosa is reddened, 
speckled with petechiae, and swollen. In severe cases fibrinous exudation 
on the surface may form a false membrane. Owing to these changes the 
lumen of the smaller bronchi may be considerably reduced. The nasal 
mucosa is similarly affected, and the conjunctiva may be injected or 
chemotic. The lungs are generally congested. They contain much frothy 
fluid, which is also present in the upper air-passages, 'flic blood is dark 
and as a rule fluid. There may be a,sphyxial petechiae. 

When death has been solely due to the action of the vapour, as in 
certain industrial accidents and sometimes after the mi.sguidcd treat- 
ment of fainting by the application of strong ammonia to the nose, no 
other changes may be found. Generally, however, the poison has been 
swallowed, and corrosive lesions are present in the upper food-pa.s.sages. 
These resemble those seen with the other caustic alkalis except for the 
following differences; (i) death tends to occur earlier, and the content.s 
of the stomach are therefore more regularly alkaline; and (ii) cases with 
severe corrosion tend to die in the primary stages, so that late case.s 
with cicatricial contracture are uncommon. 

The immediate effect of the vapour on the re.spiratory epithelium i.s 
a sensation of suffocation, and the initial shock of the concentrated 
vapour may cause the patient to fall back in.sensiblc, and .sudden death 
can result. Severe burning pain follows at once from the mouth to the 
stomach and the patient retches, vomits, and has animoniaeal eructa- 
tions. The abdomen becomes distended and tympanitic. The vomit may 
contain altered blood, is alkaline, and smells of ammonia. The breath 
smells of ammonia, the eyes smart, and sneezing and coughing occur. 
The bps and tongue are swollen, and phonation i.s impaired. There 
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may be difficulty in breathing, and death from asphyxia may occur, 
generally coming on slowly but being steadily progressive. 

The urine is scanty, generally alkaline, and may contain albumin and 
casts. 

The general principles of treatment for the fixed alkalis apply here Treatment 
(see p. 75), but the respiratory condition also calls for relief. Inhalation 
of oxygen with carbon dioxide, tracheotomy, and artificial respiration 
may be necessary. 

4.-SYNTHETIC ORGANIC SUBSTANCES 

(1) — Acetylsalicylic Acid (Aspirin) 

1495.] This is now probably the commonest drug taken by mankind, 
and in medicinal doses and even in doses definitely in excess it does little 
if any harm. 

Acetylsalicylic acid, CgH 4(0 . CO . CH 3 ) . COOH, being unstable readily Physical 
undergoes hydrolysis, especially in alkaline solution, to salicylic and 
acetic acids. An examination of the stomach contents in a case 
of poisoning by aspirin shows a mixture of aspirin, salicylic acid, 
and acetic acid, and the liver shows salicylic acid without any, or at 
most only traces of, aspirin. The decomposition of one acid into two 
in the body is important, for at least part of the symptoms are probably 
associated with acidosis. 

Most cases of poisoning by aspirin are not fatal; recovery has followed Fatal dose 
a dose of 500 grains; 450 grains will probably prove fatal in some cases 
only, and occasionally quantities much less than this have been fatal in 
debilitated or seriously ill patients. In one case we recovered from the 
organs the equivalent of 184 grains of aspirin, but the amount taken was 
not known. It is very difficult to express an opinion, but we are inclined Fatal period 
to think that the fatal period is short in those cases which terminate in 
death. In the case cited above the deceased was observed to fall down in 
the street and, although he was taken by the ambulance to hospital 
within twenty minutes, he was dead on arrival. 

The body shows dehydration. Usually a large dose of the poison has Morbid 
been taken in solid form or in thick suspension, and some undissolved 
traces should be found in the mouth or stomach. The stomach is small 
and rugous. The mucosa shows inflammatory reddening, with some 
petechial haemorrhage along the crests of the folds. In some cases the 
organ contains mucoid fluid and altered blood. The lungs are congested 
and oedematous, especially at the bases, where there are petechiae, 
which may also be seen in the epicardium. In the case cited above 
the heart’s blood was fluid. There is general visceral congestion 
and marked parenchymatous degeneration of the liver and kidneys. 

Fatty degeneration of the liver may be a striking feature. The bladder 
is generally full. The urine, which should be carefully collected for 
analysis, is very acid and contains some albumin and granular casts. 

The brain is congested and slightly oedematous. 
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First there is nausea with or without vomiting and tinnitus. Mental 
cLukon and deafness follow, and later sleepiness or coma. The pulse- 
rate is somewhat raised, the breathing may be deep and slow and the 
patient is pale and sweats profusely. The pressure ol lire eeinlmwpi».ii 
Lid has been recorded as raised and on examination contains sal ity ales. 

In most cases there is a gradual recovery with approach mg con va Icsccncc 

^The^ltomaL should be washed out with water (not alkali), and this 
should be repeated in a few hours. Several observers have 
improvement after lumbar puncture and the rcinova ol 30 c.c. ol lluid , 
in severe cases, therefore, this would appear to be advisable and should 
be repeated if necessary. Purgatives and saline injections will assist in 
elimination of the drug. Although some workers deny that the nioic 

important aspect of the condition is that of acidosis, adiminution ol the 
alkali of the blood has been observed, and acetone and acctoacclio acid 
■ have been found in the urine. It would tlrereforc seem desirable to add 
sodium bicarbonate to the injected fluid, or builcred sodium hiclate 
solution may be given intravenously (Williams and Panting). Daily 
examination of the urine for salicylate will be a guide to tlie completion 
of the elimination. 

(2)_Cydic Ureides and Barbituric Acid 

1496.] These drugs are described as cyclic urcidcs and arc essentially 
compounds of malonic acid and urea; hence the alternative name ot 
malonylurea. The simplest of the compounds, which, however, is not 
used in medicine, is barbituric acid itself or malonylurea. 1 he lormula 
is as follows: 

Hv .CONH, 

\c/ . ^CC) 

\C0Nh/ 

By a process of substitution of other groups for the hydrogens directly 
attached to the carbon atom on the left an intlnitc number of compounds 
can be prepared, and by also substituting other group,s fur one of the 
right-hand hydrogens another series can be prepared, e.g.: 

C.H..^CONH C.H. CONfU,^^ C.M, CON ^ 
C,e/ \C0NH/ C,h/ ^CONH'^ Cll, ' CONH 

Barbitone Phenobarbitone Evipun 


The introduction of sodium into one barbituric nucleus produces more 
soluble compounds, e.g.: 

CsHjv yCONHv 

>c< Vo 

CaH/ Von -. 

Na 

Soluble barbitone (veronal sodium or medinul) 
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The following is a list of most of the barbituric acid compounds at 
present (1939) on the market: compounds 

allobarbitone (dial), 5 ; 5-diallylbarbituric acid 
allonal, which contains allylwopropylbarbituric acid 
amytal, woamylethylbarbituric acid 
barbitone (veronal), 5 : 5-diethylbarbituric acid 
butobarbital (soneryl, neonal), butylethylbarbituric acid 

evipan, A-methyl-C-C-cyclohexenylmethylmalonylurea 
hebaral sodium, sodium iV-hexylethylbarbiturate 
ipral, ethylwopropylbarbituric acid 

nembutal (pentobarbital sodium), sodium ethylmethylbutylbarbiturate 
noctal, wopropylbrompropanylbarbituric acid 

pernocton, sodium salt of secondary butyl-/3-bromallylbarbituric acid 
phanodorm (cyclobarbital), cyclohexenylethylbarbituric acid 
phenobarbitone (gardenal, phenylbarbital, luminal), 5-phenyl-5-ethyl- - 
barbituric acid 

prominal, A-methylethylphenylmalonylurea 

proponal, dipropylbarbituric acid 

rutonal, methylphenobarbitone 

sandoptal, wobutylallylbarbituric acid 

seconal, sodium propylmethylcarbonylallylbarbiturate. 


Although we believe that the above list embraces all the substances of 
this group in use, these drugs masquerade under various names both 
in England and abroad. Thus barbitone (veronal) has for its aliases 
diethylmalonylurea, malonurea, barbitalum, malonal, hypnogen, and 
various other proprietary preparations, e.g. veramon, quadro-nox, 
veronigen, beatol, and chineonal, contain barbitone. Similarly pheno- 
barbitone (luminal) may be described as acidum phenylaethylico- 
barbituricum, gardenal, luminal-natrium; and preparations such as 
theogardenal, theotone, theominal, alepsal, cafinal, optinoktin, salepsi, 
and lubrokal contain phenobarbitone with various other substance^ 
Many of the barbiturates are also mixed with amidopyrine, a drug which 
should be used with the greatest caution; examples of these are allonal. 


veramon, veropyron, cibalgin, and optalidon. 

It has been suggested that these drugs fall into two groups: W ^ose 
which act for a shorter time with profound narcosis and a high aegr®e 
of anaesthesia, death supervening from respiratory paralysis; and (u) 
those which act for a longer time with low-grade narcosis, pulmonary 
congestion, and a greater liability to pneumonia. Nembutal, pernocton, 
amytal, and evipan belong to the first group, whereas phenobarbitone, 

allonal, and allobarbitone belong to the second. +i,- j o.. 

Barbitone(veronal) 15 grains has beenrecorded as a fatal dose; thj dose Fatal dose 
is extremely low in view of the fact that 5 to 10 grains is the medicinal 
dose. In general the average possibly fatal dose of this drug is a ou 
50 grains. It may be said that, if the maximal medicinal dose of any 
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of these drugs is multiplied by 5, a general estimate of (he possible 
fatal dose may be obtained. 

Broadly speaking, these drugs when taken in toxic doses arc associated 
with relatively long periods of coma before death ensues, as against 
morphine and chloral hydrate, with which the period of coma usually 
does not last more than twelve hours. The comatose period for the 
barbiturates may last several days or even a week. 

Skin lesions, such as the large pemphigoid blisters, are not often .seen 
at necropsy but should be looked for. There is some cyanosis of the 
head. The lungs are oedematous and heavy, and the air-passages contain 
frothy fluid. The oedema interferes with the aeration of the lungs, and 
the congested dependent postero-inferior parts (usually more markedly 
on one side) are plum-coloured, show resorption collap.se, and sink 
en masse in water. The bronchi in these areas may contain pus, and, 
except when the period of unconsciousness was short and there was no 
rise of temperature before death, there arc always slightly raised trefoil- 
shaped areas of broncho-pneumonia. Microscopically the oedema Iluid 
shows an irregular sprinkling with red blood-eorpu.scles and poly- 
morphonuclears. In the basal parts this may proceed to fibrinous con- 
solidation. Pleural petechiae arc almost always present and most 
frequent on the plum-coloured basal parts. There is little or no Iluid in 
the pleural sacs. 

The bi'ain is congested and its substance slightly softened by oedema. 
There may be some flattening of the convolutions, but this is never 
pronounced, and subarachnoid fluid is always present in the .sulci. 
There may be a slight ‘pressure cone’ (a ring on the under surface 
of the cerebellum round the medulla) but death is not due to mechanical 
compression but to toxic action on the vital centres of the medulla. 
There is parenchymatous degeneration of the organs, which are flabby, 
slightly oedematous, and cloudy. The liver shows some fatty change. 
The bladder is generally full, and the urine should always be carefully 
collected. When a poisonous dose of a barbiturate with amidopyrine 
has been taken, e.g. allonal, the urine shows a characteristic red colour 
in acid solution, becoming purplish on the addition of solution of 
ammonia, due to the presence of a decomposition product of amido- 
pyrine — rubazonic acid. So marked is the colour that a glance at the 
urine often gives a clue to the drug taken. It is stated that in cases 
of barbitone poisoning a false positive Wassermann reaction may be 
obtained. 

A medicinal dose of a barbiturate produces a quiet easy sleep in about 
30 minutes, which will last for 6 to 12 hours generally without after- 
effects. If the drug is taken regularly every night in medicinal dose.s, 
several effects may be noted; e,g, depression, visual hallucinations and 
even delusions, drowsiness, ptosis, diplopia, thickness of speech, tremors, 
and ataxy, which may be mistaken for drunkenness. Albuminuria and 
haematoporphyrinuria have been recorded, but in a series of 100 cases 
of poisoning we have never seen haematoporphyrinuria. The drugs are 
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quickly absorbed, partly decomposed in the body, and partly excreted 
in the urine, the amounts excreted varying considerably with different 
drugs. They are not cumulative, except when they are being taken 
regularly, when a fresh quantity taken before complete excretion of 
the previous dose may lead to a persistence of the above-mentioned 
symptoms for a few days. Addiction to these drugs is not common, 
but it occurs from time to time (Willcox). 

When a toxic or possibly fatal dose is taken, the symptoms appear in Severe 
a few minutes, the chief of them being headache, vertigo, and ataxy, 
without vomiting or abdominal pain. The patient falls asleep and can at 
first be roused with difficulty, but he soon becomes comatose. There may be 
a preliminary period of excitement with hallucinations for about twenty 
minutes. The coma when established is profound, muscles are flaccid, 
reflexes generally abolished, and all sensations and corneal reflex absent. 

There is often a persistent positive Babinski reaction. Breathing is 
stertorous and irregular and in the late stages may stop for a time and 
then start again. Cyanosis of a moderate degree is always present. The 
pupils are small but not pin-point and will react to light until the coma 
is deep, and in the terminal stages tend to dilate. Temperature is sub- 
normal, the body being cold and clammy and the pulse rather rapid 
and in the late stages feeble. There may be incontinence or retention of 
urine and incontinence of faeces. Although there is some diminution in 
the amount of urine excreted, it is not uncommon to find a distended 
bladder requiring catheterization. If an analysis to identify the poison 
is likely to be required, this first specimen is the most valuable and should 
always be retained in its entirety. The comatose state may last for 
several days. 

Sooner or later, generally after the first 24 hours, there is a sudden 
rise of temperature up to 102° to 104° F., and an examination of the 
lungs shows the presence of broncho-pneumonia. This complication 
renders the prognosis much less favourable. Occasionally large blisters 
containing a clear fluid develop on various parts of the body. 

As in all cases of narcotic poisoning, the stomach must be thoroughly Treatment 
washed out with water.” On *no account should sodium bicarbonate 
solution or any alkaline liquid be used, because it at once causes the 
drug to go into solution and to be increasingly rapidly absorbed. Cases 
have been described in which the coma noticeably deepened during 
lavage with a bicarbonate solution. Strong coffee, glucose, and a 
purgative should be left in the stomach. Since there is no chemical 
antidote to the barbiturates, the washing process should be repeated 
4 hours later and again a third time. Analysis of the contents returned 
from the stomach has clearly demonstrated that the barbiturate is always 
found in all the washings. Colonic lavage should be performed also and 
repeated in 12 hours; the value of this has also been demonstrated by 
analysis. Shock should be combated by warmth and stimulants, e.g. 
digitalin and coramine together with full doses of strychnine hydro- 
chloride ^ grain every 4 hours. Oxygen with carbon dioxide should be 
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given if the cyanosis is considerable. The bladder must be watched and 
catheterized if necessary. 

Lumbar puncture or, better still, cisternal puncture must be performed 
and as much fluid as possible drawn olf. Since the lluid is under slight 
pressure, it is often possible to drawon’20c.c. and upwards. This should 
be repeated at least every 12 hours until tlicrc are signs of returning 
consciousness; asrnanya.s six punctures have been made in sonic cases. 
The poison is invariably found in the cerebrospinal lluid. J unally the 
patient should be placed in bed with the head raised i n view of the almost 
invariable onset of broncho-pneumonia. Sonic foreign workers recom- 
mend the use of very large doses of strychnine; 6 grains of strychnine 
have been given in a case of barbitone poisoning and followed by 
recovery. Picrotoxin has also been recommended in large doses, but it 
is doubtful if the use of large do.scsofsuch powerful poisons is justified. 
Alcohol in large quantities has also been recommended; a woman who 
had taken 22 grains of phenobarbitonc received by injection 20 c.c. of 
a 30 per cent solution of alcohol every 4 hours and recovered. 

Recently there has appeared on the market u drug which is closely 
allied to the barbituric acid scries but in whicli the terminal o.xygcn 
atom is replaced by a sulphur atom, i.c. sodium ethyI-I-mc(hylbuty!thio- 
barbiturate (pcntothal sodium): 


C'H 


QM. 


>< 


■ CO --NNa-, 

>C'S 

CO -NH / 


This may perhaps be the forerunner of u new series of drugs, Its use 
appears to be similar to that of evipan. 


(3) — Straight-Chain Ureides: Carbromal (Sroup 
1497.] In addition to the above-mentioned dcrivativc.s of urea, tlicre arc 
several drugs which may be called straight-chain ureides. Among these 
is the well known carbromal, perhaps best known under the name of 
adalin. Its formula is as follows: 

QHjv /Br 

QH/ \cO--NH CO NII.J 

These drugs in addition contain a bromine atom. Bromural (donnigene), 
another member, is a-monobromwovalerylurca. 

There are but few fatal cases of poisoning by the.se drugs, because 
their toxicity compared with that of the barbitunitcs is low. Qu{uititie.s 
as large as 300 grains have caused death, and smaller amount.s may 
possibly be fatal. Recovery after 150 grains of bromural has been 
recorded. 

It js impossible to make even an approximate estimate of the fatal 
period, but I have known death to occur in about thirty hours. 
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There are no characteristic signs at necropsy. After a possibly fatal Morbid 
dose of these drugs I have not been able to detect the drug in the tissues 
or in the urine. When organs, such as the liver and kidneys, and the 
urine are examined, it is possible only to detect considerable quantities 
of bromine, which although confirmatory does not establish the nature 
of the drug taken. Analysis of the stomach and contents or of stomach 
washings may, when the drug has not all been absorbed, reveal its true 
nature. 

After a possibly fatal dose sleep passes into deep coma. At first the Symptoms 
pulse is good and respiration normal, but as time passes, the pulse 
quickens and becomes feeble, the blood-pressure falls, and the respira- 
tion becomes shallow. All reflexes are absent. Pupils may be small and 
may for a time react. The condition appears to be one of myocardial 
failure, and life slowly ebbs away. Poisoning by these drugs does not 
produce broncho-pneumonia, the breathing is shallow, and cyanosis and 
an extensor plantar response are absent, whereas in poisoning by the 
barbituric acid group broncho-pneumonia always occurs except in those 
uncommon cases in which death is very rapid, there is some cyanosis, 
breathing is generally rather deep, and an extensor plantar response is 
present at all events until near the end. 

(4) — Chloral Hydrate and Allied Drugs 

1498.] Chloral hydrate, butylchloral hydrate, chloralformamide, and Physical 
chlorbutol are examples of substances which, although differing in con- 
stitution, produce in general a similar effect. Pure chloral, CCI 3 .CHO, 
is an oily liquid and is probably used only in the laboratory. The hydrate, 

CCI 3 . CH( 0 H) 2 , is a crystalline solid readily soluble in water. Although 
its poisonous effect resembles that of chloroform, its action is not due 
to the formation of chloroform in the blood-stream. Chloral hydrate 
is excreted in the urine mainly as urochloralic acid, a conjugated com- 
pound of chloral and glycuronic acid. 

Although 20 to 30 grains have on several occasions caused death, the Fatal dose 
average fatal dose must be put higher; 120 grains should be regarded 
as generally fatal to adults, and probably the small fatal doses recorded 
were associated with some cardiac disability (see below). 

Death usually takes place in 6 to 10 hours. Cases in which death occurs Fatal period 
rapidly are probably mainly in the aged or in those with cardiac dis- 
ability, and in these patients relatively small doses rapidly cause death 
from cardiac failure. 

Death occurs in coma with cardiac and respiratory failure. The organs Morbid 
are congested and the extremities cyanosed. The brain is engorged and 
slightly swollen. The lungs are congested and may show considerable 
oedema, watery fluid filling the bronchi. The bladder is usually full. 

After a large dose there may be much inflammatory reddening of the 
upper food-passages. 

When the drug was used more frequently, death was often due to 
accidental overdosage. This was especially liable to occur in patients 
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with cardiac disease ? nd in addicts in whom fatty degeneration of the 
viscera was corarndlC" 

The usual cours^i^ one of symptoniless sleep paSsSing on into coma and 
so to deatlj^y-^eneraUy from respiratory failure. Vomiting may occur 
in ths^arly stages, followed later by cyanosis, with slow irregular 
Jbfg^hing, rapid irregular and weak pulse, paralysis and complete 
loss of sensation, with a subnormal temperature, very low levels being 
recorded, and a cold clammy skin. To the aged and to patients with 
cardiac affection chloral is very toxic, relatively small doses causing 
death rapidly from cardiac failure. 

In chronic poisoning there are usually disturbance of digc.stion, 
diarrhoea, and loss of weight. Erythematous rashes and a superficial 
ulceration of the roots of the hairs of the head have been described. 
General depression, impairment of mental faculties, and a mclancliolic 
state occur. Sudden death is common among chloral hydrate addicts. 
Diagnosis is difficult in the absenceof the knowledge that chloral hydrate 
has been taken. 

The stomach should be washed out with water, and stimulants given, 
especially those acting on the respiratory centre, coffee par rectum, 
warmth, oxygen, and even artificial respiration in the late stages, and 
saline should be injected subcutaneously to assist elimination. 

(5) — Sulphonal Group 

1499.] Sulphonal, methylsulphonal (trional), and tetronal may be con- 
veniently considered together. All these drugs arc being less and less used; 
in fact it is doubtful if tetronal is now used at all. Sulphonal is dicthyl- 
sulphonedimethylmethane, (CH,,)iiC(S 02 .C 2 H,;)a; methylsulphonal has 
one of the methyl groups, and tetronal both, replaced by an ethyl group. 
They are very sparingly soluble in water and therefore slowly absorbed 
and may take some hours to produce any effect. Owing to their very 
slow excretion these drugs possess a definite cumulative effect. They arc 
pure hypnotics without any analgesic properties. Cases of poisoning by 
these drugs are rare nowadays; 1 have seen only one non-fatal case in 
eighteen years. 

(a) Acute Poisoning 

Death is reported to have occurred after taking 30 grains, and several 
deaths are recorded after taking 70 grains and upwards. Owing to the 
cumulative effect, deaths have been recorded from the daily use of 
10 to 20 grains over a period of months. The fatal period varies from a 
few hours to several days. 

There is no characteristic change at necropsy. 

The symptoms vary; mental confusion, perhaps with excitement, con- 
vulsions, and ataxy are among the commonest. These arc followed by 
stupor and unconsciousness. Later the patient becomes cyanosed, with 
a very weak pulse and irregular and stertorous respiration. Death is 
from respiratory failure. Red urine due to haematoporphyrinuria has 
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been recorded in anaemic women. When this occurs the prognosis is 
bad. 

In those cases in which the drug is being taken regularly a break in the Treatment 
administration should occur every few days on account of its cumulative Prophylactic 
effect. 

The stomach should be washed out immediately and four hours later. Curative 
Purgatives and colonic washes should be given. Saline should be injected 
subcutaneously to assist in the elimination of the drug, especially if the 
period of unconsciousness has lasted several hours. Stimulants for the 
heart and respiration must be freely given. 

{b) Chronic Poisoning 

The long-continued use of these drugs is stated to cause headache, 
vomiting, gastritis, constipation, albuminuria, and haematoporphyrin- 
uria. Various skin eruptions have also been described. 

(6) — ^Hydrocyanic Acid 

(Synonym. — Prussic acid) 

1500.] This acid is found in small quantities in many plants in combina- 
tion generally as a glycoside, and when the plant is disintegrated the 
acid may be generated. Such plant preparations are occasionally used 
in medicine, e.g. Prunus serotina (Virginian prune bark). Dilute hydro- 
cyanic acid, B.P., is a 2 per cent solution, and stronger hydrocyanic 
acid (Scheele’s acid), which is a 4 per cent solution, is occasionally 
used. The pure acid is rarely seen outside the laboratory. All solutions 
of the acid give off fumes of the acid very readily; even dilute solutions 
must therefore be handled with caution. The salts of hydrocyanic acid, 
chiefly those of potassium and sodium, are widely used in photography, 
electroplating industries, and in the extraction of gold from mineral 
ores. The salts of zinc and mercury are used to impregnate medical 
gauze. In view of the wide-spread use of the acid in gaseous form for 
the fumigation of greenhouses, ships, and houses infested with bugs 
it is necessary to issue a warning with regard to adequate ventilation 
of the premises before permitting any one to enter after fumigation. 

Several fatalities have occurred in this. way. Recently the Home Office 
have made regulations under the Hydrogen Cyanide (Fumigation) 

Act, 1937 (Statutory Rules and Orders 1938 No. 1578). Articles such 
as bedding should be thoroughly and separately exposed to the air. 

When one of a row of houses is being disinfected, the fumes may leak 
through faults in the brickwork with fatal results. 

The acid and its solution are colourless liquids with a characteristic Physical 
odour of bitter almond. They are unstable and decompose readily. properties 
The cyanides of potassium and sodium are generally seen in powder Cyanides 
or in lumps, and when pure are almost colourless. They are deliquescent 
and dissolve readily in water. Their solutions are strongly alkaline and 
when swallowed produce in the stomach evidence of corrosive alkaline 
poisoning. 
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In addition to the simple cyanides there are a number of coniplex 
cyanides, most of which are not poisonous. Potassium fcrrocyunidc 
K 4 Fe(CN)o, potassium ferricyatiide K;,Fc(CN),„ potassium sulpho- 
cyanide (thiocyanate) KC.NS, ammonium sulphocyunidc (tliiocyanatc) 
NH4CNS, and potassium cyanatc KCNO arc among tlmm. Death 
has occurred after taking 3^ ounces of potassium sulphocyanide and 
recovery after 1 ounce. The ferrocyanides may cause death, for when 
treated with sulphuric acid of about 10 per cent strength they liberate 
hydrocyanic acid, which may be inhaled. On the other hand, cyanogen 
C 2 N 2 , cyanogen chloride CNCl, and cyanogen iodide CNf are very 
poisonous hut are only met with in the laboratory or the factory. 
The well known sodium nitroprussidc Na2Fe(CN)n(NO),21I.jO is also 
highly poisonous. 

A quantity of a solution of hydrocyanic acid equivalent to grain 
of pure hydrocyanic acid has caused death. Tlius it may generally be 
considered that about 1 grain, the equivalent of 55 minims of dilute 
hydrocyanic acid B.P., is a possibly fatal dose; 24 grains of the 
potassium salt have also caused death, and 5 grains have often done 
so. Recovery has occurred after much larger doses. 

Hydrocyanic acid is the most rapidly acting poison known, death 
generally occurring in 2 to 10 minutes. If the patient lives f<.)r 30 minutes, 
recovery is likely, although death has been known to occur after several 
hours. 

At necropsy the body externally is bright and life-like. Hypostasis, 
instead of having the usual slaty colour, is of a bright reddish-violet 
colour. There may be froth round the mouth, the eyes arc open and 
staring, the cornea glassy, and the pupils dilated. On opening the body 
there is often a smell of bitter almond. In all cases in which cyanide is 
suspected the organs to be sent for analysis should bo placed with the 
least delay into tightly sealed glass jars on account of the volatility of 
the poison. The mode of death must be borne in mind when deckling 
what organs to reserve for analysis. Thus, although the stomach and 
its contents and the liver should be reserved when the poi.son is taken 
by the mouth, the lungs and as much blood as can be obtained must 
be reserved when the poison has been inhaled. The blood, both in the 
arteries and in the veins, isliquidand bright pink, and thiscolouris notice- 
able in the general musculature of the body. So .striking is this feature 
that on many occasions the condition has been mistaken for carbon 
monoxide poisoning; therefore, unless care is taken, in the absence of 
material facts a wrong deduction may be made. The mucous membrane 
of the stomach shows reddening when hydrocyanic acid has been taken, 
but, if potassium cyanide or sodium cyanide h a.s been taken, it resembles 
that seen in moderately severe poisoning due to a corrosive alkali. All 
samples of cyanide contain some free alkali and many commercial 
samples a considerable quantity of potassium carbonate or sodium 
carbonate in addition, with the result that when cyanides have been 
taken there is an added factor in the appearance of the stomach. Tlie 
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stomach contents will generally be alkaline when these salts have been 
taken. 

Symptoms occur generally in a few seconds but are occasionally Symptoms 
delayed for a minute or two. During this later period the patient may 
perform a few acts, such as washing out the glass and putting the 
bottle away, which accounts sometimes for the absence of evidence of 
how the poison was administered and at first sight suggests homicide. 

In animals a cry heralds the unconsciousness, but this seldom occurs in 
man. During unconsciousness the respirations are rapid and vigorous at 
first, soon becoming slow and gasping. General convulsions often occur, 
but these may be confined to groups of muscles, e.g. trismus. Soon the 
paralytic stage is reached, in which the patient is flaccid, the reflexes are 
abolished, the eyes are open and staring, with pupils dilated and fixed, 
and the skin is clammy with cold perspiration. The mouth may be 
covered with froth, which may be blood-stained, and an odour of bitter 
almond may give a clue to the nature of the poison. The pulse is rapid 
and so weak as to be impalpable. Respirations become more feeble 
and finally stop, the heart beating for a short time after the respirations 
have ceased. 

In the few cases of recovery the unconsciousness persists for several hours Recovery 
and eventually the patient awakes and is but little the worse for his 
experience. Recovered patients have told of a desire to vomit and of 
constriction of the chest with a terrible feeling of impending suffocation. 

Cases of poisoning occur from time to time from inhalation of the poisoning by 
gaseous form. The chief symptoms are a sense of constriction in the inhalation 
chest, giddiness, confusion, palpitation, and unconsciousness. The salts By salts 
of hydrocyanic acid act in a similar manner to solutions of the acid and 
cases of poisoning by the salts are far commoner. In addition to the 
symptoms described above there may be a sense of constriction in the 
throat, with a burning pain, and perhaps vomiting, owing to the cor- 
rosive action of the salts. Should recovery occur, convalescence will be 
delayed owing to the caustic alkaline action on the throat and stomach. 

Cyanides, probably like almost every other poison, may produce a Tolerance 
tolerance in workers regularly handling them; it is stated that those cyanides 
working with it regularly in the gold mines are unaffected by rela- 
tively large quantities. On the other hand, headache, vertigo, pallor, loss 
of appetite, and respiratory embarrassment have been described in 
employees in cyanide works. 

In the vast majority of cases the effects of the poison are so rapid Treatment 
that, even if he reaches the scene before death, the practitioner has no 
time to do anything for his patient. If time permits, washing out the 
stomach with water containing some sodium thiosulphate (photographic 
hypo) is probably the best measure, and some of the salt should be 
injected intravenously in 10 per cent solution. By this means the toxic 
cyanide may be converted into the non-toxic thiocyanate. Stimulants, 
warmth, faradization and, especially, artificial respiration have in a few 
instances assisted in saving life. It is stated that cobaltous nitrate, either 
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by mouth or intravenously, is of value, ora mixture ol ferrous sulphate, 
ferric chloride, and potassium carbonate may be given by the mouth. 
Although such chemicals arc not likely to be available in such^ an 
emergency, factories and works where cyanide is in regular use might 
consider the desirability of having them available. 


(7) — Metacetaldehy de 

{Synonyms. — Meta; metaklchydc) 

1501.] This is a polymerideof acetaldehyde having a formula (CHnCHO);,. 

It is a white crystalline substance and is manufactured in sticks. It is 
used as a convenient substitute for methylated spirit for heating pur- 
poses. It has been recommended as a slug-killer tor gaidons, for which 
purpose it is powdered and mixed with bran. In the form ot sticks it 
has a not unattractive appearance, and when powdered closely resembles 
sugar; its taste, though not very interesting, is not unpleasant. It is 
therefore not surprising that it has been eaten by cliildren in a number 
of cases. Since it is also poisonous to animals, it should be used in the 
garden with caution. It has been used for the purpose of suicide. 

Its action is due to irieta itself and not to its decomposition into 
acetaldehyde. 

In one fatal adult case the dccca.sed had in all probability taken 6 to 10 
sticks, i.e. 360 to 600 grains. Two cases have been recorded in which 
the eating of 6 sticks by adults was followed by recovery. In dogs a 
quantity of 0-6 gram per kilo of body-weight is stated to be fatal. In a 
fatal case death generally occurs in 1 to 3 days. 

There are no characteristic signs at necropsy. Petit and Audisliire 
stated that in animals poisoned with meta the urine gave a red colour 
with Denigds’ reagent (guaiacol and sulphuric acid). If this is true also i n 
man, such a reaction will prove of great assistance in the diagnosis of 
poisoning by this substance. 

As meta is very insoluble in water, the onset of symptoms is delayed. 
The onset also depends on whether the substance is swallowed in small 
lumps or in a powder, the latter causing the earlier onset of symptoms. 
Generally in about 2 to 3 hours vomiting occurs of meta mixed with 
food. If vomiting is absent, the symptoms may be delayed for a few 
hours longer. The next symptom is tremor of the upper limbs with 
flushing, restlessness, and delirium. The tremors are followed by severe 
cramps and convulsions, which in bad cases may bo epileptiform. The 
patient is stuporose, with amnesia and a staggering gait. He slowly 
becomes unconscious and, in severe cases, comatose. There is no dis- 
turbance of reflexes or of the heart’s action, and Kernig’s sign is absent. 
In a mild case the tremors and cramps are limited to the arms and pa.s.s 
off in 24 hours. In serious cases the cramps are rapidly followed by 
generalized epileptiform convulsions. These are followed by coma which 
may last 3 to 4 days with recovery or death. 

The prognosis depends on the rapidity of the appearance of symptoms, 
the increasing or decreasing severity of convulsions, and the rapidity ol" 
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the appearance of coma. In animals the blood urea is stated to be raised. 

Most patients recover; in a series of twenty-four cases collected by me 
there were six deaths. 

The stomach should be washed out with water several times. This Treatment 
should be repeated in a few hours, and purgatives should be administered. 

It is stated that in animals the alkali reserve is diminished; consequently 
the administration of alkalis would seem to be indicated. Further 
treatment should be symptomatic. 

(8) — Nitrobenzene 

{Synonyms . — Oil of mirbane; imitation oil of bitter almond) 

1502.] Nitrobenzene, CeHsNOa, is extensively used in perfumery and 
as a flavouring agent, being a cheap substitute for oil of bitter almond. 

It is also used as an ingredient of shoe dyes and floor polishes and 
is an important intermediary in the aniline dye industry. 

Nitrobenzene is a blood poison, the red cells becoming haemolysed Action 
and the circulating haemoglobin converted into methaemoglobin. It 
also acts on the central nervous system, stimulating and afterwards 
paralysing it. 

On several occasions 15 to 25 drops have proved fatal, especially if Fatal dose 
the poison is taken with alcohol as an abortifacient. Recovery has 
followed very large doses, i.e. quantities greater than 1 ounce. Death 
has taken place from inhalation and absorption through the skin. 

Death is probable in about 7 hours, but it has occurred in 1 hour to Fatal period 
24 hours. 

At necropsy the external appearances vary. In the acute cases the face Morbid 
may be flushed, with livid lips and blue nails. If the patient has Hved 
some hours, there may be pronounced cyanosis. The organs smell of 
bitter almond, a very persistent and characteristic odour which must 
not be mistaken for hydrocyanic acid. The stomach shows a brilliant 
reddish congestion with submucous haemorrhages. The blood may be 
dark and viscid and show the spectrum of methaemoglobin, but the 
post-mortem presence of this spectrum must be accepted with caution 
if much delay has occurred between death and the necropsy. The urine 
may contain amino-bodies derived from the nitrobenzene, and these 
reduce Fehling’s solution. 

The symptoms present very different features which largely depend Symptoms 
on the acuteness of the poisoning. When a poisonous dose is taken, 
especially with alcohol, a burning sensation in the mouth and throat is 
followed by numbness and tingling. There may or may not be vomiting. 

Soon pallor appears, followed by lividity; unconsciousness occurs with 
great rapidity, perhaps in twenty minutes, and death from respiratory 
failure occurs in an hour or two. 

In less acute cases the onset of symptoms may be delayed for an hour 
or more. The face is pale, the nails are bluish, and there are ataxy, 
vomiting, and eventually coma. Muscular twitchings, trismus, and 
involuntary evacuation of urine and faeces may occur. The patient is 
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generally deeply cyanosed, and the blood on examination is dark and 
viscid and will sooner or later show the spectrum of mcthacmoglobm 
CseeVol II Plate VI, facing p. 499). Death occuns in coma, or recovery 
takes place after a variable period of unconsciousness, hi a low days, 
however, nausea and vomiting may commence again, with perhaps a 
rise of temperature and the appearance ol toxic jaundice. 

The blood picture is that of anaemia with granular degeneration ot 
the red cells, alteration of size and form, and later the presence oi 
nucleated red cells. The vomit and the urine in the early stages smell 

of nitrobenzene. .t 

The stomach should be washed out with water repeatedly the 

returned fluid no longer smells of nitrobenzene. Purgatives should be 
given. Oily substances and alcohol should be avoided. It there is reason 
to believe that the lysis of red cells is extensive, a blood traiistusion may 
be considered. 

For chronic poisoning see page 173. 


(9) — Oxalic Acid 

1503.] This acid, (COOH)2,2H.,0,, is a colourless crystalline non- 
deliquescent substance and, owing to its close physical resemblance to 
magnesium sulphate, cases ot poisoning have occurred ti oni mistaking 

the acid for Epsom salts. . 

It is widely distributed in the vegetable kingdom but rarely in sulhcicnt 
quantity in edible plants to cause symptoms (see Oxai.vria, Vol. IX, 
p_ 344); in these conditions the acid is combined as the calcium salt. 
The acid is commonly used in households for cleansing and bleaching, 
and in industry in many processes. 

Potassium binoxalate, KHCaO<i,2HaO, is a colourless cry.stalkne 
substance resembling the acid. It is not used much outside the laboratory 
or the factory. 

Potassium quadroxalate, KHCaO^jHaCgOd, {synonyms-, salts ol lemon; 
salts of sorrel), is met with more commonly than the acid in the house- 
hold and is used for similar purposes. A colourless crystalline substance, 
it has also been mistaken for Epsom salts. 

The action and effects of the acid and its salts arc so similar that for 
purposes of discussion they are considered together. 

Although 60 grains have caused death, probably i to 1 ounce may be 
regarded as an average fatal dose. Recovery has occurred after 2 ounces. 
Death has taken place in a few minutes and often occurs within an 
hour or two. A few cases may last twenty-four hours and even some 
days, but, if the twenty-four hour period is passed, recovery is likely. 
The corrosive effects are less severe than, those of the strong mineral 
acids. Not only is oxalic acid less intense in this respect, but it also has 
less time in which to act, most of the fatal cases terminating within two 
hours. As with the other corrosive agents, many of the changes take 
place after death. The mucosa of the mouth, pharynx, and oesophagus 
may be white and opaque or reddened and in places slightly swollen. 
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The oesophagus is contracted. In the stomach the changes are more Stomach 
severe, although even here, if the acid is dilute, the changes may Se 
very slight. Usually the gastric mucosa is uniformly reddened and cor- 
rugated. After a concentrated dose the surface is sometimes blackened, 
as in poisoning by hydrochloric acid. This may happen even when death 
has occurred in a matter of minutes. Perforation is rare. The stomach 
contains a mucoid fluid mixed with altered blood. Oxalic acid interferes 
with clotting, and haemorrhage from the injured gastric surface is freer 
than in poisoning by the strong acids, which cause a styptic necrosis of 
haemorrhagic tissue. The small intestine may be affected for a short 
distance. 

In the kidneys a striking effect, when present, is a precipitation of Kidneys 
calcium oxalate in the tubules. This is observable microscopically as a 
whitish line in the intermediate zone. The characteristic tetrahedra are 
uncommon in this situation, but are present in the acid urine, which also 
contains albumin and possibly some red blood-corpuscles and casts. 

Oxalic acid and its salts have two distinct actions: local and systemic. Symptoms 
When a relatively small dose is taken in a dilute solution, the symptoms 
and signs of the local action may be negligible and only those of its 
systemic action become manifest. 

When a quantity of the poison is taken, a sour taste is experienced Local action 
with a burning pain from the mouth to the stomach and radiating over 
the abdomen. Thirst is intense, swallowing is difficult, and retching and 
vomiting of bright or dark blood occur. Collapse and shock soon 
become manifest. The voice is faint and husky, and soon there is aphonia. 

The mouth and throat are whitened, and the mucous membrane is 
necrosed but not so readily detachable as in poisoning by mineral 
acids, and the vomit does not usually contain shreds of tissue. The 
vomiting varies in severity and may even be absent. 

Soon after the absorption of oxalic acid the patient is pale with an Systemic 
anxious expression, the skin is bathed in cold clammy perspiration, the 
pupils are contracted, there are a general numbness, tingling, and 
cramps in the extremities, and the patient often complains of shooting 
pains from the lumbar region down the legs. Respiration is rapid and 
laboured, there may be convulsions, coma supervenes, and death soon 
follows. 

Death is the result mainly of the poisonous effects after absorption. 

The calcium content of the blood is reduced sufficiently to prevent post- 
mortem coagulation. 

It is generally safe to wash out the stomach, and, since this form of Treatment 
treatment is far more efficient than emetics in eliminating the poison, it 
is only in those cases in which it is believed that a very highly con- 
centrated dose has been taken that there should be any hesitation. 

Since so many cases terminate fatally in a very short time, it is obviously 
important to remove the poison as completely as possible. The stomach 
should be washed out with saccharated solution of calcium hydroxide, 
which not only neutralizes the poison but also converts it into an 
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insoluble oxalalc. After several wash-outs a qiiantily of the lime-water 
should be left in the stomach. In most cases of poisoning in which the 
stomach-tube is permissible it is desirable to wash !i second time a few 
hours later, because many poisons after absorption arc rc-cxcrctcd into 
the stomach. 

If the patient survives for an hour or two, there is a good chance of 
recovery; therefore evci-y use of eliminative processes should be made. 
As diarrhoea is common in this form of poisoning, colonic lavage may 
not be necessary, but, unless the diarrhoea sets in soon, tliis should 
be done. 

(10) — Paraldehyde 

1504] This substance, a mixture of polymerides of acetaldehyde, with lire 
formula (CHj).CHO);), is a colourless liquid with a burning taste and 
a characteristic smell. Its action is similar to that of chloral hydrate. 

(a) Acute Poisoning 

Its toxicity is low, and it is difficult to give any Figure which may be 
regarded as a possible fatal dose. Probably several lluid ounces would 
have to be taken. It is impossible to define the fatal period. 

Apart from some reddening of the stomach wall, which depends on 
the time that the patient has lived after taking the poison, and a 
characteristic odour of the drug in the viscera, there is nothing charac- 
teristic at necropsy. 

Large doses may cause nausea, vomiting, and dizziness. The patient 
soon passes into stupor and unconsciousness with complete muscular 
relaxation, followed by recovery or by death. The condition .should be 
easily recognized, because even after medicinal doses the characteristic 
odour of the drug is noticeable. 

The treatment used in most narcotic drug poisoning may here be 
followed, in particular that applied to sulphonal (see p. 85). 

(b) Chronic Poisoning 

Many persons have become addicts to this drug de, spite its unpica.sant 
odour and taste; it is alleged that it produces a definite euphoria. The 
symptoms are disturbances of digestion, emaciation, and mu.scular 
weakness with tremor. Mental degeneration ensues, with loss of memory, 
confusion, hallucinations, and delusions. In such cases it is not un- 
common for persons to take 2 to 3 fluid ounces of the drug daily. 

(11) — Phenol and Lysol 

1505.] Phenol when pure is a colourless crystalline deliquescent solid. It 
liquefies when water is added in the proportion of 1 OO parts of phenol to 
10 of water, forming ‘liquefied’ phenol, and remains liquid until 30 to 
40 parts of water are added, when the liquid separates into two layers, 
the upper layer consisting of a solution of water in phenol and the lower 
of a solution of phenol in water. When .sufficient water i.s added ,so that 
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the ratio of phenol to water is 1 to 13 the phenol passes completely into 
solution and remains in solution in all dilutions above this ratio. 

The cresols are only slightly soluble in water, a saturated solution being Cvesoh 
about 2 per cent. They are commonly used as antiseptics, e.g. solution 
of cresol with soap (lysol). In this form the cresol is miscible in all 
proportions with water, alcohol, and ether, and no precipitation should 
occur even with hard water. This disinfectant is prepared by heating 
cresol with oil (generally linseed) and potassium hydroxide. The result- 
ant liquid is soapy to the touch and contains a small amount of free 
alkali. The standard proportion of cresol in lysol is 50 per cent. 

In several cases 60 grains of phenol have caused death, but recovery Fatal dose 
has occurred from much larger doses. The concentration of the poison 
when taken is also an important factor. Death has followed local 
application to wounds and its use as a douche. It may be assumed that 
the toxicity of the mixed cresols is the same as that of phenol, but the 
low solubility of the former may be a favourable factor. It is, however, 
unlikely that the pure cresols would be taken, because they are not 
available to the public. Lysol, the common form available to the public, 
is completely miscible with water; its toxicity may therefore be regarded 
as similar to that of phenol. Although exceptional, a fatal case of lysol 
poisoning is recorded after taking 1 to 2 teaspoonfuls of lysol. If the 
higher figure is taken and the lysol assumed to be 50 per cent cresol, 
this is equivalent to 60 grains of mixed cresols. The degree of dilution 
here also is of importance. Recoveries after 3 fluid ounces and upwards 
are known. Generally speaking, the average fatal dose of both phenol 
and lysol (in terms of the cresol) is probably greater than 60 grains and 
is commonly stated to be about \ fluid ounce. 

Although deaths, about 30 minutes to several days after the poison Fatal period 
was taken, are on record, in most fatal cases death probably occurs in 
2 to 8 hours. One fatal case is recorded in which a man carrying a 
bottle of lysol in his hip-pocket went to sleep, the bottle broke, and his 
skin was brought into contact with the lysol over an area extending 
from hip to heel on one side. He died in 30 to 45 minutes. 

Brownish or white eschars may be present about the mouth from Morbid 
dribbling of thepoison when taken. In the bucco-pharynx and oesophagus 
(at the lower end and where it crosses the left bronchus) the surface is 
stiffened and white, owing to the tanning effect of the poison, and the 
deeper tissues are loose and translucent from inflammatory oedema. 

The stomach is contracted, rugous, and stiff, like a formalin-fixed Stomach 
specimen. The coagulated surface, which is brown from alteration of 
blood in the congested capillary bed, may be broken up and fissured 
by the muscular movements of the organ during life. The changes are 
generally most pronounced along the crests of the folds, where the 
mucosa is most exposed. The contents of the stomach are watery, 
generally smell strongly of the poison, and often contain blood. They 
are acid when phenol has been taken but are generally alkaline in 
lysol poisoning, because lysol contains some free alkali. In places there 
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may be a little coagulated mucus aad adherent librin; sometimes the 
coagulation extends through the wall of the stomach to tlie adjacent 
organs. The poisonous effects do not pass far into the small intestine. 
The transverse folds of the duodenum may show the same brown 
fixation-necrosis as the stomach. In the lungs there may be focal 
necroses due to aspiration of the poison during swallowing or vomiting, 
but hypostatic congestion and, if the patient has survived long enough, 
broncho-pneumonia are commoner. There is often tubular nephritis. 
The urine contains casts and may smell of the poison. The snrcll may 
also be detectable in the viscera, which show general congestion and 
parenchymatous degeneration. The contraction of the pupils seen in 
coma is absent. 

When the poison has been taken by the mouth, there is an immediate 
hot burning sensation from the lips to the stomach. This is soon dulled, 
owing to the local anaesthetic effect. Vomiting generally, but not always, 
occurs and for the same reason is not very pronounced. In many cases 
of poisoning the contact of the poison with the lips produco.s local 
damage, the lips and angles of the mouth being stained brown and 
the buccal mucous nrembrane whitened. Poison trickling down from 
the mouth may also produce a brownish stain. The patient is collapsed, 
with a feeble pulse, and soon passes into coma, often preceded by 
mental symptoms, such as delirium and convulsions. The pupils are 
contracted, the surface of the body is cold and clammy, and the tempera- 
ture is subnormal. Occasionally, if the patient lives long enough, there 
may be hyperpyrexia. Death may occur from cardiac paralysis or 
from pulmonary oedema. A diagnosis may be made from the odour of 
the breath. If concentrated poison has been taken, lire vomit contains 
shreds of mucous membrane and altered blood. The urine is of normal 
colour, but it darkens on being allowed to stand in contact with air 
(carboluria). This change is due to hydroquinol or pyrocatechol sub- 
stances formed in the body from the poison. The urine may also 
contain albumin, casts, and even blood, and, if the acute phase is 
recovered from, the patient may die later from uraemia. Jaundice has 
also been observed as a sequel. When the poisoning ha.s resulted from 
absorption through the skin or the vagina, the general symptoms are 
similar. 

The stomach should be washed out with copious quantities of water, 
especially since the common emetics, even apomorphine hydrochloride, 
may fail to produce emesis. Saccharated solution of calcium hydroxide 
(lime-water) may he added to the water used for lavage. When lavage is 
completed, a quantity of magnesium or sodium sulphate may be left in 
the stoniach in the hope that the poison in the liver may be converted 
into the innocuous sulphonic acid derivative, but, owing to the prevalent 
view that sulphates are not absorbed, it has been suggested that these 
drugs should be given intravenously. Demulcent drinks, excluding tho.se 
containing oil, may be given. The shock must be combated, and stimu- 
lants will be required. Otherwise the treatment is symptomatic. 
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In cases of chronic poisoning there are carbolnria and possibly the Chronic 
post-mortem appearances of ochronosis. poisoning 


(l)“-Aconitine 


5.-ALKALOIDS 


1506.] Aconitine and allied alkaloids are the poisonous active principles Sources 
of Aconitum napellus, commonly grown in English gardens. There are 
several other species of this genus, most of which contain these alkaloids. 

The alkaloids are present in all parts of the plant, although only the 
root is official in the British Pharmacopoeia. No dose of the plant or of 
the alkaloid is given in the Pharmacopoeia, and it is now generally used 
to prepare a liniment. The root has been mistaken for horse-radish with 
fatal results. 

Aconitine is one of the most powerful poisons known. As little as Fatal dose 
grain has proved fatal. 

Death occurs generally in 3 to 4 hours, although both shorter and Fatal period 
longer periods are known. 

When toxic quantities are taken, numbness and tingling of the mouth Symptoms 
and tongue are felt in a few minutes, followed by a burning sensation 
down the throat and in the abdomen. There is a profuse salivation, and 
there may be vomiting. The numbness and tingling soon spread over 
the skin and are particularly noticeable in the extremities. Pains in the 
eyes and head and a difficulty in swallowing are experienced. The pulse 
is slow, feeble, and irregular, and symptoms of collapse appear. Respira- 
tion is slow and laboured, and there is muscular weakness. The patient 
feels cold, and the skin is clammy. Muscular twitchings often occur and 
may be followed by convulsions. The pupils in the late stages are dilated, 
and the intellect is clear to the end. According to one writer the pricking 
of the throat and skin is almost pathognomonic, the only other poison 
which produces similar effects being veratrine. 

Death takes place from either respiratory or cardiac paralysis, the 
former being commoner. 

Treatment consists of gastric lavage with charcoal suspension or with Treatment 
tannic acid solution and the administration of stimulants, the choice 
depending on whether the respiratory or the cardiac functions appear 
to be the most involved. The use of oxygen may be desirable, and warmth 


is necessary. 


(2)— Atropine Group 

1507.] The more important solanaceous plants from which this group of Sources 
alkaloids is derived are: Atropa belladonna, which contains /-hyoscya- 
mine with a small amount of atropine; Hyoscyamus niger, which 
contains /-hyoscyamine with a small amount of /-hyoscine; Datura 
stramonium, which contains chiefly /-hyoscyamine with some atropine; 
and Datura metel, which contains /-hyoscine with some atropine. The 
first three of these grow in England but are not common; consequently 
poisoning from eating portions of the plants is rare. The woody night- 
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shade, Solatium dulcamara, is olten mistalccn ior Atropa halladonna bul 
is not poisonous or only slightly so. Many other solanaccous plants 
contain these alkaloids. 

The three chief alkaloids of these solanaccous plants arc atiopinc, 
hyoscyamine, and hyoscine (scopolamine). 

Atropine is racemic hyoscyamine, i.e. it contains equal ciuantities ol 
laevo-rotatory and dextro-rotatory hyoscyamine, The laevo-rotatory 
form is active medicinally, whereas the dextro-rotatory form is only 
slightly active. 

Hyoscyamine as found in plants is a pure laevo-rotatory hyoscyamine,^ 
but it is easily converted into the racemic form, c.g. by the action of 
dilute alkali. 

Hyoscine (scopolamine) is a closely related laevo-rotatory alkaloid 
with a slightly different chemical structure. The alternative name for 
hyoscine is due to the fact that a considerable quantity of the pure 
alkaloid used in medicine is derived from another member of this group 
of plants, Scopolia carnioUca. 

The poisonous actions of these alkaloids are so tar similar that they 
may be discussed together. It will, however, be understood that in cases 
of poisoning due to extracts of plants in which a mixture ot alkaloids 
occurs the symptoms may vary and it may be impossible to dilTeronliate 
the effects. 

Individual response to these drugs varies so much that it is very 
difficult to fix even approximately an average fatal dose; further, in 
most cases the poisoning has been followed by recovery. It is probable, 
however, that \ grain of the pure alkaloid or the corresponding amount 
of the crude drug may be regarded as fatal. Examination of the recorded 
cases shows that quantities greater than this amount have sometimes 
proved fatal and have sometimes been recovered from. Death generally 
takes place within twenty-four hours from the time when the drug was 
taken. 

After a toxic dose there is soon a marked dryness of the mouth and 
tongue due to the inhibition of the flow of saliva. Swallowing is dilficult, 
thirst acute, and the voice hoarse. The pupils become widely dilated 
and vision indistinct. Tire skin is flushed and dry, and in the later stage.s 
eruptions, generally morbilliform, have been described. In some cases 
nausea and vomiting occur, and headache and giddiness arc often 
present. Respiration is quickened, and there is a rapid bounding pulse. 
The patient is generally excited, talkative, and restless, and may pass 
on to a maniacal delirium, and later there may be muscular twitchings 
leading to general convulsions. The flow of urine is generally diminished. 
Later, signs of paralysis appear, the stage of excitement passing to 
quiet, then sleep, then coma. At this stage respiration and pulse are 
slow, with weakening and irregularity, and finally death occurs from 
respiratory failure. It is stated that in those who have recovered the 
mind is a complete blank from the time when the poison was taken 
until convalescence. In convalescence the patient is often confused 
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for a day or two, and the dilatation of the pupils remains for several 
days. 

Stomach and colon should be washed out as indicated on page 100. Treatment 

In the earlier stages of the illness, in the stage of excitement, depressants Earlier stages 
are required but, owing to the ultimate action of this poison, drugs 
which depress the respiratory centre must be avoided. Thus, although 
often recommended, morphine should be avoided and one of the bar- 
biturates may be used instead. When convulsions are severe, it may be 
necessary to use ether or chloroform for a time. 

In the later stages, when paralysis is manifest, stimulants, especially Later stages 
those which act on the respiratory centre, are required. 

(3) — Cocaine and its Substitutes 

1508.] Fatal accidents due to cocaine used as a local anaesthetic have 
led to the production of many so-called cocaine substitutes, which must 
be assumed to have an action similar to that of cocaine, although many 
differences in detail will be manifest. 

The alkaloid cocaine occurs in the leaves of Erythroxylum coca. The 
leaves contain several alkaloids, of which cocaine alone is official in the 
British Pharmacopoeia. Cocaine may also be prepared synthetically from 
ecgonine. Cocaine, ecgonine, and their salts and esters are included in 
the drugs controlled by the Dangerous Drugs Act (see Vol. X, p. 7). 

The effects on persons unaccustomed to the drug vary greatly; it is Fatal dose 
therefore very difficult to state even approximately a fatal dose. Death 
has resulted from the application of as little as | grain to the con- 
junctiva, and \ to 1-J grains applied locally to mucous membranes or 
raw surfaces and by injection have several times caused death. On the 
other hand, quantities in excess of these amounts have often been used 
without producing symptoms. Probably about 15 grains would in most 
instances cause death. 

Death usually occurs in about half an hour, and if the patient survives Fatal period 
this time he will probably recover. Nevertheless the fatal period has been 
prolonged as long as four hours. 

There are no characteristic signs at necropsy, but the organs are usually Morbid 
congested. Marks caused by a hypodermic needle should be looked for, 
and, if the patient was a cocaine addict, special attention should be paid 
to the nasal septum, which may be damaged or perforated from taking 
the drug as ‘snuff’. 

When an analysis is required and puncture marks are found, the area 
of skin and tissues in the region should be widely excised and examined 
for the presence of cocaine. This statement applies generally to medica- 
tion by injection. 

When a toxic dose is taken, either by mouth or by injection or by local Symptoms 
application, the symptoms arise quickly but vary considerably. Generally 
the patient is restless, excitable, and talkative, often mal^ng foolish 
incoherent remarks. This condition may progress to delirium and even 
mania. Numbness and tingling, with or without anaesthesia, are noted 
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in the extremities. The pulse is accelerated at first but later is weak and 
irregular. Respiration is at first shallow. The pupils arc generally dilated 
and insensible to light. Clonic or tonic convulsions may occur, and the 
patient ultimately passes into coma, death being due to respiratory 
failure. Instead of the preliminary symptoms of excitation, the patient 
may be calm and wish to sleep. 

The stomach should be washed out with potassium permanganate 
solution with adsorbent charcoal suspension. Stimulants, c.g. arainonium 
carbonate, are required, and warmth and oxygen if the respiration is 
embarrassed. 

(4) — Colchicum 

1509. ] Colchicum autumnak contains the alkaloid colchicine, of which 
probably about grain may cause death in a variable period within 
twenty-four hours. The symptoms are those of irritation: vomiting, 
diarrhoea, and prostration. Anuria and hacmaturia have been recorded. 
The treatment is to wash out the stomach with tannic acid solution or 
with adsorbent charcoal suspension and to give mucilaginous drinks and 
stimulants. The post-mortem signsarctho.se olga.stro-intcstinal irritation 
with congestion of the kidneys and perhaps evidence of a toxic nephritis. 

(5) — Conium 

1510. ] Conium maculatum (hemlock) contains the alkaloid coniine, an 
oily liquid of which one to two drops (J to 1 ]• grains) are considered to 
be a fatal dose. It acts rapidly, death usually occurring in three houns. 
The symptoms are burning of mouth and throat, drowsiness, mu.scular 
weakness, and a staggering gait. Death is due to respiratory failure. 
The treatment is gastric lavage and stimulation of respiration. At 
necropsy there is nothing characteristic, apart from signs of asphyxia. 

(6) — Gelsemium 

1511. ] The chief alkaloids of Gelsemium setnflervirensarc gclscminc and a 
mixture of alkaloids called gelseminine, of which the former is the more 
important. The fatal dose and period are uncertain. The symptoms of 
poisoning are muscular weakness, general prostration, diplopia, dilata- 
tion of the pupil, and slow pulse. Death is due to respiratory failure. 
The treatment is to wash out the stomach, to give stimulants, and to keep 
the patient warm. No characteristic sign is found at necropsy. 

(7) — ^Ipecacuanha 

1512. ] The chief alkaloids of this plant are emetine and cephael ine. Owing 
to its emetieproperties it is doubtful if a case of poisoning by ipecacuanha 
has ever occurred; but there have been a few cases of poisoning by 
emetine. The fatal dose and period are uncertain. The symptoms are 
those of gastro-intestinal irritation and ultimately heart failure. Since 
the cases of poisoning have occurred mainly in persons undergoing 
treatment for amoebic dysentery, treatment of the poisoning consists of 
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withdrawal of the drug and the promotion of its rapid elimination. At 
necropsy signs of gastro-intestinal irritation are found. 

(8) — ^Morphine and Opium 

1513.] The alkaloid morphine combined with meconic acid occurs 
together with some twenty-five other alkaloids in similar combination 
in opium. Raw opium is required by the British Pharmacopoeia to contain 
not less than 9-5 per cent of anhydrous morphine, and the powdered dry 
opium of the British Pharmacopoeia must contain 9-5 to 10-5 per cent 
of anhydrous morphine. The salts of morphine in common use are the 
hydrochloride, sulphate, tartrate, and acetate. 

Opium and morphine are subject to the provisions of the Poisons 
Rules and the Dangerous Drugs Acts, and, although certain preparations 
of these drugs are exempt from the Dangerous Drugs Regulations, all 
preparations of morphine fall within the compass of the Poisons Rules 
(see Vol. X, p. 7). From the toxicological aspect morphine and opium may 
be considered together with diamorphine (heroin), dilaudid, and other 
synthetic derivatives of morphine. 

In persons unaccustomed to morphine 1 grain of the hydrochloride has Fatal dose 
on several occasions caused death, and 4 to 5 grains of opium have also 
been fatal. There are records of death from preparations of opium, 
the morphine content of which has been less than the fatal quantities 
indicated above, but their authenticity may be regarded as doubtful. 

As a general rule, however, the average fatal dose in persons unac- 
customed to the drug may be regarded as at least double the figures given 
above. 

The human body becomes rapidly habituated to opium; consequently. Tolerance 
even although the drug has only been taken for a short time, very much 
larger doses would be required to produce a fatal result. Thus in one case, 
a woman dying of cancer required 80 grains of morphine a day to elimin- 
ate pain. Children are particularly susceptible to opium and morphine, 
and very small amounts have been fatal. 

In most cases of fatal poisoning, death generally occurs in 6 to 12 hours. Fatal period 
the commonest time being 9 to 10 hours. The quantity taken appears 
to influence but little the length of the interval between the dose and 
death. If the patient survives 18 to 24 hours, the chances of recovery 
are increased. 

There is nothing very striking about the morbid anatomical findings at Morbid 
necropsy. Death takes place in coma with respiratory failure. There is 
marked cyanosis of the head and extremities. The blood is usually dark 
and fluid. The viscera are congested, slightly oedematous, and cloudy. 

The congestion may be especially noticeable in the brain and lungs. 

The stomach contents may have the characteristic smell of opium, 
but this will be absent in poisoning by morphine. In death the pupils 
are not contracted and may be dilated. 

If a poisonous dose is taken by mouth, the symptoms generally begin Symptoms 
in 10 to 30 minutes, according to the state of the stomach. If the dose 
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is administered hypodermically, the symptoms appear more rapidly. 
Severe symptoms of poisoning and even death may oeciir after rectal 
administration, and severe poisoning when the drug has been incor- 
porated in poultices applied over broken skin. At first there may be 
some slight mental exhilaration combined with a quickening and 
strengthening of the pulse. This is said to be more apparent with 
opium, due no doubt to the associated alkaloids. There may be nau.sca 
and occasionally vomiting. Soon follow di/ziness, hcavine.ss of the head, 
languor and drowsiness, and a desire to sleep. This desire is irresistible, 
and sleep soon comes on. The pulse at this stage becomes slow and 
weak. The patient has a pleasing euphoria with rapidly changing and 
pleasant series of ideas. At this stage the patient may be awakened by 
shouting or by physical stimulation. There are a gradual loss of muscular 
power and diminished sensation. The sleep passes into coma, pupils are 
pin-point, and conjunctival reaction lessons and is linally abolished. 
The pulse is slow and feeble, and respiration is slow and shallow and 
towards the end periods of a quarter to half a miinitc may elapse withoiil 
any respiratory action. When respiration re-starts it is often of the 
Cheyne-Stokes type. The face is bluish, the extremities are livid, (he 
skin is moist and clammy and, although the body may feel warm to 
the touch, the temperature is subnormal. 

Death is ushered in with cessation of respiration, the heart perhaps 
beating for a time after the respiration has ceased. In the terminal stage, 
when the patient is quite flaccid and the end is near, the pupils often 
dilate, so that a patient seen for the first time al this stage may lead the 
practitioner to think that the ease is not one of morphine poisoning. 
The stomach should be washed out immediately with a dilute solution 
of potassium permanganate, but, .since potassium permanganate is a 
powerful oxidizing agent and decomposes morphine, it is dc.sirable that 
the first stomach contents removed should be free from this sub.stance 
if an analysis of the poison is required, which is especially iinporlant 
when the nature of the poison is not known, Since morphine is excreted 
into the stomach, gastric lavage i.s advi.scd even when the morphine 
has been administered hypodermically. The lavage should be repeated 
again in four hours and a third time if the patient’s condition warrants 
it. High colonic lavage should also be practised two or three times at 
about four-hour intervals. 

If the patient is still in the drowsy or in the pre-comatosc stage, 
mechanical and electrical stimulation may be used to prevent or delay 
coma, but it is doubtful if it is justifiable to walk the patient about and 
flagellate him. Stimulants, especially re.spiratory stimulants, should be 
administered, A warning is necessary about atropine, which, although 
it may be given generously, should not be pushed so far as to produce 
poisoning in persons not under the influence of morphine. 

Oxygen and carbon dioxide are required in the later stages, and, when 
signs of failing respiration are observed, artificial respiration should be 
persevered with until the end; a respiration chamber should be used if 
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possible. The bladder should be watched and if necessary catheterized, 
all the urine drawn off being reserved for analysis if required. 

For chronic poisoning see title Drug Addiction, Vol. IV, p. 247. Chronic 

poisoning 

(9) — Nicotine 

1514.] This alkaloid occurs in tobacco, Nicotiana tabacum, and is the only 
alkaloid of importance in the plant. In the pure state it is a liquid, and Physical 
it is the only alkaloid, apart from coniine, of toxicological significance 
which is not solid at ordinary temperatures. It forms salts, such as the 
sulphate, all of which are solids. The pure alkaloid is a pale-yellowish 
oil, but ordinary commercial samples are dark-brown owing to changes 
produced by the action of light. 

Cases of poisoning are met with occasionally not from smoking but 
in connexion with the use of this alkaloid in horticulture as an insecti- 
cide; accidental poisoning may thus be due to sprays used or be 
suicidal from the drinking of the nicotine preparation. Central scotoma 
in heavy smokers is stated to be due to nicotine. 

The prevalence of tobacco smoking, with the resulting tolerance from Fatal dose 
the small quantities of nicotine absorbed, makes it difficult to fix a 
possibly fatal dose. Further, the commercial preparations of the 
alkaloid vary much in composition. Probably a few drops of the pure 
liquid alkaloid would prove fatal in most instances. When considerable Fatal period 
doses have been taken, death occurs in a few minutes. Next to hydro- 
cyanic acid, nicotine is the most rapidly acting poison known. 

The facial expression may be staring and the pupils dilated. The smell Morbid 
of tobacco may be present in the gastric contents, in the upper food- 
passages, and sometimes also in other viscera. If death has not been 
immediate, there may be inflammatory changes on the exposed mucous 
surfaces. Death is apnoeic, there is venous congestion of the viscera, 
and the blood is dark and fluid. 

Large doses of the alkaloid produce a hot burning sensation in the Symptoms 
mouth, spreading down the oesophagus to the stomach. Salivation and 
vomiting generally occur, followed, if the patient survives long enough, 
by diarrhoea. Mental confusion, muscular weakness, giddiness, and 
restlessness are often followed by muscular twitching, clonic con- 
vulsions, and tetanic spasms. Unconsciousness ushers in death. The 
pulse is rapid at first, but later it is often slow and feeble. Respiration 
becomes slow and weak and finally stops, the heart continuing to beat 
after respiration has ceased. Thus nicotine is essentially a respiratory 
poison. Very large doses may prove fatal in an extremely short time 
from paralysis of the central nervous system and abolition of respiration. 

When large doses have been taken, the rapidity of death prevents Treatment 
any effective treatment. Gastric lavage with tannic acid solution is the 
best treatment and should be followed by general eliminative measures 
if the patient survives. Stimulants, particularly those acting on the 
respiratory centre, warmth, and oxygen with carbon dioxide should be 
tried. 
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(10>— Physostigmine 

1515. ] Physostigma vemnosum contains the alkaloid physostigmine 
(eserine). Very little is known about the toxic cflects of this drug, and no 
opinion can be expressed concerning the fatal do, sc and period. The 
symptoms due to a poisonous dose taken by the mouth appear to be 
continuous vomiting, salivation, epigastric pain, and contraction of the 
pupil. 

The treatment consists in the removal of the poison and of the treat- 
ment of such symptoms as may occur. No characteristic sign is found at 
necropsy. 

(11) — Strychnine and Brucine 

1516. ] Various species of the genus Sfrychtm contain the alkaloids 
strychnine and brucine; Strychnos nux vomica and Strychnos ignatii arc 
the most important, and of these only the former isolTicial. The plant docs 
not grow in Great Britain. The beans of nux vomica, the part of the plant 
which is official, contain 1 ’8 to 5-3 per cent of total alkaloid.s, of which 
about one-half is strychnine. The St. Ignatius bean contains 2-5 to 3 per 
cent, ofwhich rather more than one-half is strychnine. The U.P. prepara- 
tions of the bean are all standardized in terms of their strychnine 
content. The pure alkaloid strychnine is oflicial as the hydrochloride, 
but brucine is not official. 

Owing to the terrible effects of a poisonous dose in both man and 
animals, sale of the alkaloid and its preparations except to laboratories, 
to medical men, and in compounded medicines is now prohibited. 
Consequently the sale of strychnine vermin-killers is not now allowed. 

Strychnine 

The alkaloid strychnine in the pure state occurs as prismatic needle- 
shaped crystals and on account of this has been mistaken for certain 
non-poisonous inorganic salts, e.g. magnesium sulphate. It is an 
intensely bitter substance, the taste being appreciable even in a 1 in 
600,000 solution in water. 

Half a grain has proved fatal on more than one occasion and must 
therefore be regmded as a possibly fatal dose; but recovery has followed 
after much larger quantities. 

Death generally supenenes in 1 to 3 hours, but it has occurred much 
more rapidly. After three hours the chance of recovery increases the 
longer the patient lives. 

The heart is dilated, and the lungs are slightly oedematous. The blood 
tends to be fluid and the organs to he congested and dark. There arc 
petechial haemorrhages on the skin, pleurae, and mucous surfaces. 
Sometimes the capillary haemorrhage is ecchymotic. In cases pre- 
disposed by vascular disease there may be cerebral haemorrhage. The 
muscles may show microscopic evidence of tearing, and the associated 
haemorrhage may he visible to the naked eye. There may be marks of 
superficial bruising due to injury. 
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The symptoms generally begin in 10 to 15 minutes after a possibly Symptoms 
fatal dose has been taken. The patient at once notices a bitter taste, 
and, although the food or drink is therefore rejected, some of it is 
generally swallowed, with the result that the symptoms occur. This 
explains its successful use in homicidal cases in spite of its bitter taste. 

The first symptoms are either stiffness of the muscles of the neck and 
a tightness in the chest, which on account of respiratory uneasiness 
renders the patient anxious, or stiffness of the lower extremities. Soon 
stiffness spreads to other muscles, and the patient’s movements become 
jerky, so that an attempt to pick up an article results in it being knocked 
over. The anxiety increases, together with a feeling that something 
terrible is going to happen. In about half an hour the patient experiences Convulsions 
a sudden and severe convulsion. All the voluntary muscles are violently 
and painfully contracted, the greater power of the extensors producing 
full extension with feet arched and arms extended or drawn across the 
chest; extension may be so excessive that the body becomes arched, 
resting only on the occiput and the heels — opisthotonos. The contrac- Opisthotonos 
tions are tonic, but there may be momentary relaxations, with the result 
that during a part of the convulsions they may appear to be clonic. 

During all this time the patient is fully conscious and suffers the most 
acute mental and physical pain. He becomes cyanosed from the fixed 
contraction of the muscles of respiration, and his pulse is rapid and 
feeble. The fits at first are short, less than half a minute, and followed 
by a period of relaxation varying from a quarter of a minute to several 
minutes, during which the patient can breathe and the heart’s action 
improves, but he lies exhausted, bathed in sweat, with the surface of his 
body cold and his pupils contracted, and he suffers mental agony and 
dread of what is to come. 

After a time a second fit occurs and then a third and so on, each 
succeeding fit being longer, more violent, and followed by a shorter 
period of relaxation, until one of three things may happen: (i) the Course 
patient may recover; in this event the severity of the fits gradually 
diminishes, and the intervals are longer, until fits pass off, and the 
patient, except for exhaustion, will then make a rapid recovery; (ii) he 
may die of asphyxia during a fit; or (iii) he may die of heart failure 
either during or between a fit. In either event his mind is clear, and he is 
conscious to the end. 

In the period of relaxation the least stimulus, e.g. touching the patient 
or the bed, flashing a light, and banging a door, will start another fit. 

The patient is thirsty but dare not drink for fear of a fit. 

Strychnine poisoning may resemble tetanus when the patient is at the Diagnosis 
height of an attack, but the history of the case, the rapidity of onset of tetanus 
symptoms, and the complete relaxation between the spasms in strychnine 
poisoning should clearly differentiate the two conditions. Tetanus is 
characterized by the risus sardonicus, and the disease lasts days not 
hours. Strychnine poisoning has been mistaken for status epilepticus, 
but the consciousness of the patient in all stages rules out epilepsy. 
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If the patient is first seen before the onset of the convulsions, the 
stomach should be washed out at once with a solution of tannic acid. 
Failing tannic acid, a very weak solution of iodine or a suspension of 
adsorbent charcoal may be used. When this has been done, a full dose 
of chloral hydrate should be left in the stomach. The patient should be 
placed in bed in a darkened room under the quietest conditions and 
never left. Chloroform and ether should be at hand with the necessary 
means of administration, so that the patient may be anaesthetized as 
soon as there is the slightest sign of the onset of convulsions. As soon 
as he is under, the anaesthesia should be kept as light as possible but 
sufficient to control the fits. Physiological saline may with advantage be 
given intravenously or subcutaneously to hasten the elimination of the 
drug, and a catheter should be passed, if necessary. The colon may be 
washed out during this period and if necessary another dose of chloral 
hydrate given. 

As soon as there is evidence that the convulsions arc ceasing, the 
anaesthetic may be gradually withdrawn. It will probably be advis- 
able to wash out the stomach a second time 3 to 4 hours after the first 
washing. If the patient is seen for the first time during convulsions, 
he should be anaesthetized at once, so that the convulsions may be 
controlled and the patient relieved from agony, When the convulsions 
are controlled, gastric lavage and the other measures described above 
can he proceeded with. It will probably be desirable to continue the 
chloral hydrate for a few days during convalescence. 

Brucine 

This alkaloid, except in the laboratory, is only met with mixed with 
strychnine, i.e. in preparations of nux vomica. It resembles strychnine 
in its action but is very weak and only slightly toxic. Probably 20 to 25 
grains would be necessary to cau.se death, and it is doubtful if any 
authenticated cases of poisoning by this alkaloid alone have occurred. 
From an analytical standpoint cases of poisoning by nux vomica 
preparations may be distinguished from cases of poisoning by strychnine 
by the presence or absence of brucine in the viscera. Such inve.stigations 
may be helpful in tracking down the source of the poison. 

(12) — ^Veratrum 

1517.] Hla.&Veratrum genus of plants contains several poisonous alkaloids, 
the toxic properties of which may be considered together. No opinion 
can he expressed about fatal dose or period. The symptoms are burning 
and pricking of the mouth, epigastric pain, salivation, thirst, nausea, 
and vomiting. Violent purging with colic and tenesmus follow. The 
prickly sensation spreads over the body, and the skin is often erythemat- 
ous. The pupils are dilated. Death is due to respiratory failure. Treat- 
ment consists of gastric lavage and the administration of opium or 
morphine and respiratory stimulants. Evidence of gastro-intestinal 
"irritation is found at necropsy. 
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6.-CANTHARIDES 

1518.] Cantharidin is the lactone of a complicated organic acid which Source 
occurs in the bodies of cantharides (Spanish fly, Cantharis vesicatorid) 
and allied species. When applied to the skin it sets up local inflammation Action 
with the formation of small blisters, which soon coalesce into a single 
large blister. From time immemorial it has been a reputed aphro- 
disiac, but its effects in this direction are grossly overrated; it and also 
yohimbine are alleged to be ingredients of aphrodisiacs sold to wealthy 
Eastern potentates. Cantharides is recommended as an ingredient in hair 
restorers, and it is stated to be a constituent of some preparations supplied 
to cattle and horse breeders. 

It is not possible to fix the fatal dose, but 25 grains of the powdered Fatal dose 
beetle is stated to have caused death, and according to Leschke about 
0-5 grain of cantharidin may be considered as an average fatal dose. 

The fatal period varies. Fatal period 

The mucous membrane of the intestinal tract is acutely inflamed with Morbid 
ulceration and vesication in places. The kidneys show a parenchymatous 
inflammation, and the bladder and urethra may be inflamed. 

The action of cantharides is essentially an intense local irritation. Symptoms 
Taken by the mouth it causes pain in the mouth and stomach, intense 
thirst, vomiting, and purging. The vomit and the stools will contain 
blood. Pain in the loins and lower abdomen, with strangury and the 
passage of urine containing blood, are common. Priapism in the male 
and abortion in the female have been recorded. Headache, delirium, 
convulsions, coma, and collapse may lead to a fatal termination. If the 
acute symptoms pass off, the sufferer may be left with nephritis which 
may prove fatal. 

The stomach must be washed out as soon as possible. Albumen water Treatment 
and demulcents may be given, but oily substances must be avoided. 

Morphine will probably be necessary to relieve the pain. 



7.-INORGANIC AND METALLIC 

(1) — Antimony 

1519.] Poisoning by antimony is not common now. Apart from the use 
of compounds of antimony in the treatment of certain tropical diseases, 
its use in. general medicine has almost disappeared. In industry the 
metal is alloyed for various purposes, e.g. type metal, the oxide in 
enamelling, the sulphide in vulcanizing rubber; certain compounds are 
employed as mordants in fire-works; and the trichloride (butter of 
antimony) is used in the furniture trade and by gunsmiths. The use 
of the oxide as a glaze in enamel ware has been responsible for cases 
of poisoning when certain types of enamel vessels have been used to 
prepare acid beverages, e.g. lemonade. Occasionally the chloride (butter 
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of antimony) has been taken with suicidal intent. The chloride (SbCl,.) 
in contact with water decomposes into antimony oxychloride (SbOCl) 
and hydrochloric acid; these cases should therefore be regarded as cases 
of poisoning by hydrochloric acid and antimony (see p. 70). In most 
cases of homicidal poisoning with antimony the poison administered 
has been tartar emetic (potassium antimonyltartratc). 

(a) Acute Poisoning 

It is very difficult to fix a fatal dose of this poison, because :i very 
early and characteristic symptom is vomiting, A dose of 2 grains of 
tartar emetic is recorded as having caused death in an adult, but 
probably doses of about 10 grains must be regarded as a quantity likely 
to kill. Recovery has followed ingestion of more than 130 grains. 

The fatal period varies much; patients have lived from a few hours to 
several days. 

The post-mortem appearances closely resemble those in arsenical 
poisoning. The intestinal tract is red, the mucosa is swollen, and there 
are submucous haemorrhages and ulceration. The contents may consist 
largely of blood-stained mucus. The organs show signs of parenchymat- 
ous degeneration. If the patient has survived long enough or has 
received more than one dose, fatty changes will be observed in the 
liver, kidneys, and heart-musclc. As in poisoning by arsenic, the body 
is as a rule well preserved. 

An acrid metallic taste (except in poisoning by antimony trichloride), 
with a sense of constriction and pain in the throat and pain in the 
stomach, is followed in 15 to 30 minutes by frequent and profuse 
vomiting. Later there is diarrhoea, with watery .stools and tenesmus. 
The pulse is at first accelerated, but the arterial blood-pressure soon 
falls, and the pulse becomes slow and irregular. Perspiration and saliva- 
tion are profuse, the skin is cold and clammy, and there is generally 
cyanosis of the face and extremities. Cramp.s in the calves may be 
followed by generalized spasmodic contraction. Attacks of vertigo and 
syncope occur until consciousness is lost, and death results from heart 
failure. The urine is scanty and may be suppressed; it often contains 
albumin. 

In poisoning by antimony trichloride the patient will also show signs 
of hydrochloric acid poisoning (see p. 70). 

The treatment described under arsenical poisoning (see p. Ill) may 
be applied for this poison, except that the liquid used to wash out the 
stomach should contain tannic acid and not ferric hydroxide. If anti- 
mony trichloride has been taken, the stomach pump should not be used, 
because the hydrochloric acid liberated has exerted a destructive action 
on the walls of the stomach, and alkalis other than carbonates must be 
given, in order to avoid distension of the stomach by gas. 

(&) Chronic Poisoning 

In industry chronic poisoning by antimony is practically unknown, 
but when the poison has been used homicidally and when a series of 
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doses has been given, sickness, abdominal pain, loss of appetite, 
diarrhoea, and prostration, with sweating and feeble pulse, have been 
recorded. 

(2) — Arsenic 

1520.] The importance of arsenic as a poison cannot be over-estimated. It 
has been in use for centuries as a favourite homicidal poison, and in Eastern 
countries there are hundreds of cases every year. Besides the ease with 
which it may be administered, owing to the small amount required and 
to the tastelessness of many of the compounds, its wide-spread use for a 
number of purposes renders it easily accessible to the public. No doubt 
in the East the use of this substance as a depilatory in the harem provides 
a convenient source of supply. 

The fact that many cases of homicidal poisoning in this country have 
only been discovered after an exhumation further emphasizes the 
importance of the poison and demonstrates how easy it is to mistake 
the symptoms of poisoning for natural disease, such as food poisoning. 

On the other hand, from the analytical standpoint this poison can Detection by 
perhaps be more easily detected than any other poison and the amount 
present determined with the greatest accuracy, even when the minutest 
trace only of the poison is present in the body; and in cases of chronic 
poisoning analytical investigation of the epidermal structures may 
reveal conclusive evidence of arsenic. 

In view of the toxic nature of this poison and the ease with which it 
can be excluded from food and drink the Royal Commission in 1903 
laid down that the maximal quantity to be permitted in food was 
grain per pound and in drink grain per gallon. This standard is 
generally accepted. 

Compounds of the metalloid arsenic are very widely distributed in Natural 
nature. They occur in various concentrations in a number of ores, in 
coal, and in the soil of certain localities. Some edible fish, Crustacea, 
and molluscs contain appreciable traces of arsenic. 

The following compounds of arsenic are used for various purposes, industrial 
and most of them are available to the public: sodium and potassium 
arsenite, sold as such and in arsenical sheep-dips, weed-killers, cattle- 
dips, hide preservers, worm powders and tablets for animals, fly powders 
for external application to sheep, preparations for foot-rot of sheep, and ‘ 
preservative solutions for wood; arsenious oxide in arsenical sheep- 
dips, powder for destruction of ants, and fly powders for external 
application to sheep; sodium arsenate in arsenical sheep-dips and fly 
powders for external application to sheep; arsenic sulphides and thio- 
arsenates in arsenical sheep-dips and fly powders for external application 
to sheep; arsenic acid in arsenical weed-killers; copper arsenite and 
arsenate in arsenical worm powders for animals; lead arsenate — either 
PbHAsO^ or Pb 3 (As 04 ) 2 — ^in horticultural spray or dust; calcium 
arsenate, magnesium arsenate, manganese arsenate, and zinc arsenite 
in horticultural spray or dust; London purple — calcium arsenite and 
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calcium arsenate — in horticultural spray or dust; and Paris green — 
copper aceto-arsenite— in horticultural spray. Arsenical soaps also arc 
probably in fairly general use, and certain arsenical compounds arc 
used as ingredients in anti-fouling paints for ships' bottoms. With the 
possible exception of soaps and anti-fouling composition all the above- 
mentioned compounds can produce fatal poisoning if taken by man, 
Arseniuretted hydrogen is a gas which from time to time gives rise to 
poisoning in industry (see p, 162). 

It is well established that a dose of 2 grains of the poisons expressed as 
arsenious oxide has caused death. This figure is given on the under- 
standing that the form in which the arsenic is taken can be dissolved in 
water or in the body fluids. No doubt a greater quantity of the less 
soluble or the insoluble forms would be required. Recovery often occurs 
after doses of 2 grains, and the average fatal quantity is 4 grains and 
upwards. Early and persistent vomiting makes it impossible to form 
any opinion, apart from analysis, about the quantity of poison absorbed. 
Thus, recovery has occurred after several hundred grains have been 
swallowed. 

The average fatal period of a case of arsenical poisoning is about 
thirty hours, but some cases have proved fatal in two hours, and others 
have been prolonged for several days. Symptoms generally appear in 
one-half to one hour, but they have been known to occur almost at 
once and to have been delayed for several hours. Generally speaking, 
the earlier the symptoms the more severe the case and the greater the 
probability of a fatal end. The.se remarks apply to the poison taken by 
mouth, but cases of poisoning, some of which have proved fatal, have 
occurred when the poison has been given per rectum in an enema and 
per vaginam to procure an abortion. 

The post-mortem appearances depend on dosage, mode of entry, and 
time of survival When a poisonous dose of arsenic has been taken by 
the mouth, the most striking changes arc seen in the upper part of the 
alimentary tract, more particularly in the stomach, When the poisoning 
has been by another route, e.g. from a skin plaster contaminated with 
arsenic, the most intense changes occur at the site of entry, but some 
inflammation of the stomach is seen also in these cases. When there 
have been previous sublethal attacks, the changes, e.g. in the skin, 
conjunctivae, and peripheral nerves, of chronic arsenical poisoning may 
be superadded to the acute. If, on the other hand, death from exhaustion 
has followed the single or final dose after a period of several weeks, the 
inflammatory changes will have subsided, and the poison, except for 
possible traces in keratin, may have been completely eliminated. 

The post-mortem findings of acute arsenical poisoning by the mouth 
are as follows. The mucosa of the mouth, pharynx, and oesophagus is 
inflamed, but the effects here are usually slight. In a case in which the 
oesophageal mucosa was reddened microscopical examination showed 
dilated venules and capillaries, some oedema, and emigration of poly- 
morphonuclear leucocytes. 
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The changes are most pronounced in the stomach, which, owing to the Stomach 
vomiting, is usually emptied of all food residues and contains a mucoid 
fluid tinged with blood and bile, with flakes of mucus in suspension. 

The mucosa is inflamed, slightly swollen, and in places coated with 
mucus. The colour varies with the severity of the case from a dull 
brownish red to bright scarlet. Even when the whole gastric lining is 
affected, the changes are more marked in the fundus, especially along 
the longitudinal folds, which often show petechial haemorrhages and 
erosions. Sometimes masses of pasty white arsenic may be found 
adherent at points where the underlying mucosa is severely damaged, 
haemorrhagic, and black. Perforation has been recorded, but is extremely 
rare. 

The inflammation extends into the small intestine throughout, the Intestine 
affected mucosa being smooth, swollen, and reddish-brown. The con- 
tents may be mucoid and blood-stained, as in the stomach. The large 
intestine may be empty of its normal contents and contain rather more 
mucus than normal, and maybe reddened. The rectum is usually inflamed. 

The viscera are congested and show parenchymatous degeneration. 

In the liver and kidneys there is some fatty change. The endocardial 
surface of the left ventricle often shows petechial haemorrhages. From 
the extreme dehydration the skin becomes loose and the eyes sunken. 

The blood is concentrated from the loss of fluid, the polycythaemia 
partly accounting for the cyanosis seen before and after death. 

There is little doubt that arsenic when present in large amount delays 
post-mortem putrefaction. Signs of gastric inflammation have been 
discerned even after burial for many months. It is probable, however, 
that the preservation — post-mortem ‘mummification’ — noted in many 
cases of arsenical poisoning is partly due to the dehydration of the 
tissues during life. 

(a) Acute Poisoning 

Witthaus divided the symptoms of arsenical poisoning into two types: Symptoms 
(i) gastro-intestinal, which is the commonest, and (ii) narcotic. When a 
poisonous dose of an arsenical substance is taken, no appreciable taste 
is noticed in most cases, and, when it is administered in solid form in 
food, no taste of arsenic will be noticed. 

Gastro-intestinal form 

The first symptoms are irritation and heat in the throat, soon followed 
by faintness, depression, and nausea. Vomiting and retching soon 
follow; the vomit is at first chiefly food, but later it is almost entirely 
mucus, often tinged with blood; when the arsenical preparation taken 
is coloured or contains colouring matter, this may be noticed. Abdominal 
pain soon follows first in the epigastric region but without delay radiat- 
ing out over the abdomen. The pain is burning and has been described 
as like a red-hot coal on the stomach. The abdomen is very tender, and 
the pain is increased by touch or palpation. The tongue is covered with 
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white fur, the mouth is dry, and there is a sense of constriction in the 
throat. The retching continues, and any attempt to allay thirst by 
drinking fluid immediately brings on retching, so that the sufferer soon 
learns to avoid liquid by the mouth. Diarrhoea occurs later, often after 
12 to 18 hours, but the time of its appearance varies. The stools are 
voided precipitately. The first stool is generally very copious, most of 
the intestinal contents being voided at one time, and it is accompanied 
by pain and tenesmus. Other motions follow at short intervals, these 
being ‘cholera-like’, consisting of watery material containing mucus and 
blood. The anus becomes very sore. About the time of the diarrhoea 
muscular cramps, particularly in the calves, are distressing and painful. 
The patient is fully conscious, restless, and collapsed. The pulse is 
small, rapid, and irregular. The skin is cold, clammy, and bluish. The 
urine, which may contain albumin and casts, is scanty and may even 
be suppressed. The collapse may soon usher in death, and the patient, 
although usually conscious to the last, may have convulsions and lose 
consciousness at the end. 

Since the condition is sometimes mistaken for food poisoning, it may 
be worthy of note that in food poisoning retching and vomiting do not 
persist, and vomiting may only occur once. Further, the time between 
the taking of food and the onset of symptoms is often several hours, 
whereas it is not as a rule more than about one hour in ar.scnical 
poisoning. The diarrhoea comes on earlier in food poisoning, and in 
most cases the abdominal pain, tenderness, and cramp are much less 
severe. 

Narcotic form 

The gastro-intestinal symptoms arc not severe and may be absent. 
The patient becomes sleepy and unconscious, sometimes with delirium, 
and dies without regaining consciousness. The duration of the illness is 
shorter, lasting as a rule 4 to 8 hours. It is a very fatal form. 

(6) Subacute Poisoning 

There is a form of arsenical poisoning in which the patient appears 
after a short acute attack to exhibit symptoms which are associated with 
the chronic states. It is sometimes described as subacute poisoning. 

The onset is of the violent gastro-intestinal type, and in 24 to 48 
hours the symptoms pass olf. The abdomen may remain tender, with 
soreness of the mouth and throat, swelling of the salivary glands, severe 
and persistent thirst, and no desire for food. Temperature is high. The 
urine is diminished and contains albumin and casts. Often skin ra,shes 
appear which may take almost any form. Headache, restlessness, and 
sleeplessness are troublesome. The eyes are suffused and the con- 
junctive injected, and the nasal mucosa is inflamed. The strength fails, 
fee hmbs are weak or paralysed, and the heart is rapid, feeble, and 
irregular. The patient’s mind wanders, consciousness is often lost 
towards the end, and convulsions may usher in death. Jaundice some- 
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times occurs. Death in this type may occur in 5 to 10 days. When the 
possibility of homicidal poisoning is under consideration, it must be 
remembered that the poisoner may at any stage of the illness give a 
second or third dose, especially if the sufferer appears to show signs of 
recovery. Thus the symptoms associated with the early stage of an acute 
attach may be superimposed upon the clinical picture of a later stage; 
it may then be difficult to establish cKnically the true diagnosis. The 
diagnosis can only be confirmed by chemical analysis, and for this 
purpose the first samples of vomit, faeces, and urine are the most 
important to preserve, because they contain the greatest quantity of 
the poison. 

The stomach should be washed out with copious quantities of water, Treatment 
to which may be added some freshly prepared ferric hydroxide, made 
by precipitating it from ferric chloride with dilute ammonia solution. 

The precipitate should be squeezed out in muslin and washed to remove 
excess of ammonia. At the conclusion of the washing a quantity of the 
ferric hydroxide should be left in the stomach. The gastric lavage should 
be repeated at intervals until the acute symptoms begin to subside. 

Owing to the loss of fluid from the vomiting and diarrhoea, saline must 
be administered intravenously or subcutaneously according to the 
patient’s condition to make good the loss and to assist in elimination 
of the poison by the kidneys. Since arsenic is a powerful liver poison, it 
may be desirable to add some glucose to the saline. Morphine will be 
required for the pain, and the condition of the heart must be carefully 
watched and stimulants given as required. 

(c) Chronic Poisoning 

This may follow an acute attack; the first signs do not usually appear 
until at least twelve days have elapsed from the original dose. It may 
also arise from the continued taking of arsenic over a period of time. 

The symptoms may be conveniently grouped as follows: Symptoms 

(i) Digestive disturbances. The case often starts with symptoms which 
to some extent suggest a mild form of an acute attack. There are vomit- 
ing and abdominal pain with constipation perhaps alternating with 
diarrhoea. The gums are inflamed, and the tongue has a white silvery 
coating. Febrile symptoms with a rapid pulse may be observed. These 
symptoms last but a short time and may be absent. 

(n) Catarrhal disturbances. These symptoms may be associated with 
the secretion of arsenic into the mucous membrane lining the air- 
passages. There is laryngeal and bronchial catarrh with a dry cough and 
a hoarse and husky voice; the fauces are congested and the vocal cords 
thickened. At the same time there are marked coryza, congestion of the 
conjunctivae, and watering of the eyes. The patient often complains 
that he can only read for a short time. 

{Hi) Cutaneous disturbances. About this time various skin lesions may 
appear; they are more commonly seen when small doses of the poison 
have been taken over a long period. Various erythemas, herpes, and 



112 


TOXICOLOGY 


[VOL. XII 


pigmentation may occur; a grey or greyish-brown pigmentation can 
occur on face, neck, loins, abdomen, and genitals. Keratosis is also 
commonly seen on the palms of the hands and on the soles of the feet, 
but it may occur generally, making the skin thick, rough, and coarse. 
Thickening and loss of the nails may occur, and warts have been 
described. 

In the arsenic industry workers who have been long exposed to 
arsenical dusts may develop epitheliomalous ulceration of the skin and 
perforation of the septum of the no.se (sec p. 137). 

(iv) Neuritic disturbances. At first there is a feeling of numbness in the 
legs, with tingling, burning, and pricking sensations, and the patient 
complains that he feels as if he were walking on cotton-wool. Those 
sensations may soon spread to the hands. Later there are severe, often 
shooting, pains, and the muscles of the legs and arms arc lender on 
pressure. There is some diminution of sensation; light touch may not 
be perceived, and a pin must be very firmly pressed against the skin for 
it to be appreciated. The special senses generally escape, but there may 
be loss of sexual desire. 

(v) Motor disturbances generally follow, rapid fatigue being the first 
complaint. The paralysis may incrciise with the characteristic gait, and 
soon the patient becomes bedridden. Reflexes may be increased at 
first but later are lost. Wasting is pronounced. In very severe cases 
the paralysis may extend to the abdominal muscles. In the upper limbs 
the small muscles are the first to be affected, but in severe caso.s the 
arms may be affected. Associated with these .symploni.s is damage to 
the heart muscle, leading to heart failure, exhaustion, and anaemia. 

In most cases recovery occurs but is slow and may take a year. Death 
is generally due to syncope. The treatment i.s elimination of the poison 
and the application of suitable massage and electrical treatment to the 
affected muscles. 

(3) — Barium 

1521.] Compounds of this metal, the nature of which arc unknown, arc 
found in the kernels of Brazil nuts in amounts varying from 0'02 to 0-.3 
per cent. 

Salts of this metal may be classed into (i) those soluble in water, c.g. 
the chloride, all of which are irritant poisons; (ii) those soluble in the 
body fluids, e.g. the carbonate, which is also an irritant poison; and 
(iii) those insoluble, e.g. the sulphate, which is harmless and is used in 
radiography. Fatal cases of poison, however, have been recorded from 
the use of the carbonate in mistake for the sulphate, both these salts 
being white powders. 

Barium salts have many uses, the carbonate being used as a rat poison, 
the sulphide as a depilatory, the nitrate in fireworks to produce a green 
flame, the chlorate in dye works, and the chromate as a pigment. 

From 70 to 100 grains may be regarded as a possibly fatal dose but, 
as with all irritant poisons, the early and copious vomiting explains 
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why much larger quantities have not proved fatal. The fatal period Fatal period 
varies. 

In the upper food-passages at necropsy there are inflammatory changes Morbid 
with the typical distribution of an irritant poison, i.e. in the pharynx, 
lower end of the oesophagus, and especially in the stomach, where 
they are most pronounced in the fundus, on the posterior wall, and 
along the rugae. Where most affected the gastric mucosa may be 
haemorrhagic, but ulceration is uncommon. There may be excess of 
mucus on the surface, and some of the poison may be found, but the 
organ is generally emptied of all food residues. The purging is associated 
with inflammation of the rectum. The viscera are congested and show 
parenchymatous degeneration. 

Acting locally as an irritant, it produces violent pains in the stomach Symptoms 
and abdomen with nausea, retching, and vomiting, followed later by 
purging; blood may be found in the excreta. After absorption barium 
salts act specifically on muscular tissue, causing vigorous muscular 
contraction; its action on the myocardium is said to resemble that of 
digitalis. The heart-beat is increased in force and frequency, blood- 
pressure rises, and in fatal cases the heart is stopped in systole. The 
poison also acts on the central nervous system, eventually producing 
coma with convulsions and in some cases paralysis. 

Barium is one of the few poisons for which there is a perfect antidote, Treatment 
i.e. soluble sulphates, e.g. magnesium and sodium sulphates. The Antidote 
stomach should be washed out with a solution of one of these salts and 
a considerable quantity of the salt left in the stomach. 

Morphine and the general treatment of shock will be necessary, and 
the condition of the heart, in view of the specific action of barium 
on this organ, requires careful watching. Should the vomiting and 
diarrhoea have been excessive, subcutaneous saline to replace fluid will 
be indicated. 

(4) — Lead 

See Lead Poisoning, VoL VII, p. 658. 

(5) — Mercury 

1522.] Numerous salts of this metal are used in medicine for various Industrial 
purposes and increasingly in horticulture as insecticides and seed dress- 
ings, in the paint and varnish industry, in fur dressing, and in wood 
preserving, and the metal itself in many scientific instruments. 

The metal is a poison. It has produced fatal results after being taken The metal 
by the mouth and after inunction, but perhaps most dangerous of all 
is the breathing of fumes of heated mercury. The globules, being very 
finely divided, are rapidly absorbed and produce serious illness. The Salts 
salts of mercury vary considerably in their solubility in water, but every 
salt of mercury, except perhaps mercurous chloride (calomel), must be 
regarded as a potential poison owing to chemical change that may take 
place in the intestines. 
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(a) Acute Poisoning 

Although fatal results have been recorded with almost every salt of 
mercury, it is expedient here to give only one or two examples of fatal 
doses. Roughly speaking, the less soluble the salt in water the greater 
the amount necessary to cause death. Thus death has resulted from 5 
grains of mercuric chloride and of the basic sulphate, whereas a dose of 
35 grains of ammoniated mercury has been recorded as fatal. 

Death may occur in the acute stage, i.e. within the first day or two, 
or may occur at a later stage, generally in the second week, from the 
effects of the poison on the kidneys. 

The post-mortem appearances in a case of poisoning by mercuric 
chloride vary with the mode of administration and the time of survival. 
When the poison has been taken by the mouth and death has ensued 
early, the tongue and lips are swollen and the mucosa of the mouth is 
coagulated and white. Similar changes arc found in the pharynx and 
oesophagus. In places, e.g. the fauces and the lower end of the oeso- 
phagus, the necrosed surface may he broken up and shreddy. In some 
cases there may be great oedema of the loose tissues of the vallcculac 
and the laryngeal vestibule which may be fatal from asphyxia. The 
gastric mucosa is corrugated and may show inllamniatory or petechial 
reddening. This is obscured, however, by the fixation necrosis of the 
surface, so that the colour is usually a greyish violet. Exceptionally a 
black haemorrhagic condition has been described. Perforation is very 
uncommon but may result from the continued contact in one place 
of the poison in solid form. Similar changes may extend for a short dis- 
tance into the duodenum, and all cases will show inflammatory changes 
throughout the small intestine. 

When survival has been longer, the initial corrosive effects have 
generally been less intense. In the stomach they may actually be healing, 
but in the mouth, especially on the gums, they have generally gone on 
to ulceration. Septic lymphangitis and parotitis may be present. 

The large intestine usually shows characteristic changes which resemble 
bacillary dysentery. In rapidly fatal cases there may be only some acute 
inflammation. Quickly, however, this is increased, and diphtheroid 
necroses appear and ulcerate. In the origin and distribution of these 
lesions infective and mechanical factors appear to play a part. They 
often occur on the crests of the transverse folds or in relation to the 
longitudinal muscular bands. The condition increases towards the 
rectum and is generally maximal in the sigmoid, where the ulceration 
may be confluent. In severe cases even the lower ileum may be involved. 
In the kidney severe changes are almost invariable. They may be very 
marked even when death has taken place early, their intensity depending 
mainly on the amount of poison absorbed. In early cases the organ 
is swollen and the cortex pale. Tubular degeneration is present and 
possibly glomerular necrosis and inflammation. The first convoluted 
tubule and ascending loop of Henle may show various changes from 
severe cloudy swelling to complete necrosis. Casts are numerous, mainly 
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granular. In late cases calcification of necrosed epithelial cells and 
debris may be a conspicuous feature, and the organ may grit on the 
knife. 

When the poison has been introduced by any other route, e.g. intra- 
venous, the pathological changes in the kidneys and colon are similar. 

The stomach is unaffected. In the mouth, however, ulceration is usually 
present, its appearance seeming to depend on the previous presence of 
oral sepsis. When death has followed the introduction of the poison 
into the vagina, there are local corrosion and sometimes perforation or 
peritonitis. 

The acuteness of the symptoms varies with the salt taken, those Symptoms 
readily soluble producing much more acute effects than those less 
soluble. One of the commonest mercurial salts met with in poisoning 
and one which is readily soluble in water is mercuric chloride, which 
may be taken as a typical salt for purposes of description. An acrid 
taste is accompanied by a sense of constriction of the throat. A burning Acute stage 
sensation is felt from the mouth to the stomach, followed rapidly by 
such acute pain over the whole of the abdomen that the patient cries 
out in agony. Nausea, retching, and vomiting soon occur, the vomit 
generally containing blood and greyish-white fragments of coagulated 
mucous membrane from the gullet and stomach. A white coating is 
noticed in the mouth on the tongue and throat, and inflammation may 
involve the glottis or the air-passages, hindering respiration. Later there 
is diarrhoea with watery stools containing fragments of coagulated 
mucous membrane and blood. From the first the patient is in a state of 
severe shock, with subnormal temperature, rapid, irregular, and feeble 
pulse, and a cold clammy skin, and death may occur in the early stages 
from collapse, with unconsciousness or with convulsions. Death in the 
acute stage may occur in an hour or two or within the first two days, 
but if this stage is reached the acute symptoms will generally be recovered 
from. The urine is generally scanty or suppressed, and any voided will 
contain albumin, casts, and probably blood. Salivation is often pro- 
minent after the first few hours. 

If the acute stage is safely survived, various complications may set in Later stage 
and may prove fatal, (i) An acute stomatitis may occur with ulcera- stomatitis 
tion, continuing salivation, spongy and bleeding gums, and looseness 
of the teeth. Gangrene has been recorded, (ii) The urine, which may Uraemia 
or may not have been scanty in the acute stage, should be carefully 
measured. As a result of the direct action of the poison on the kidneys 
the urinary output may steadily diminish until generally in the second 
week suppression occurs. The approach of the uraemic state is shown 
by the blood-urea, which shortly before the suppression of urine occurs 
may amount to 500 to 600 mgm. per 100 c.c. Unless the kidneys can 
be made to function again, the condition is fatal in a day or two. (iii) 

The damage to the intestinal tract with sloughing of mucous membrane intestinal 
may leave a condition of ulceration of the intestines, particularly of the 
large intestine, which will result in an ulcerative colitis. This condition. 
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associated with pain and the passage of blood and mucus, is not usually 
fatal but is very intractable, and many months may elapse before a 
cure is effected. 

The stomach must be at once washed out with copious quantities of 
water containing egg-white or milk, preferably the former, and at the 
conclusion of the process a quantity of the egg-white should be left 
in the stomach. The process should be repeated after an interval of a 
few hours and possibly a third time. It is also recommended that 
sodium phosphite or sodium hypophosphitc be employed in doses of 
about 10 grains every eight hours for two to three days, but we 
•have no experience of the treatment. If an acid salt, such as the 
acid nitrate, has been taken some alkali other than carbonates or 
bicarbonates must be given in addition. Morphine will be required 
for the pain and general treatment for the collapse and shock. As soon 
as the acute symptoms have subsided, a careful watch must be kept 
on the renal function. The twenty-four hours’ output must be carefully 
measured so that the possible onset ol’ anuria may be anticipated. The 
urine should be tested and the urea content of the blood measured 
frequently so that the renal function may be gauged. In those ca.ses 
in which the kidneys are seriously damaged one of two pictures may 
occur, (i) The output of urine continuously decreases with a rise 
in the blood-urea until the onset of anuria appears imminent. Then 
the output of urine increases and in the course of a few weeks the 
kidney function appears to be normal again and it will be conjectural 
as to what permanent damage, if any, has resulted, (ii) A stale of anuria 
will occur. This calls for energetic and active treatment, and undoubtedly 
surgical interference is the only likely treatment that will hold out hope 
of saving life, and then only if it is not left loo late. The operation 
consists of cutting down to, and incising the capsules of, both kidneys. 
The great difficulty is to decide when this should be done. If left too 
late the attending shock may prove fatal and if performed too early 
the physician may feel that perhaps, without interference, the kidneys 
might have commenced to secrete again. Perhaps the blood-urea values 
and those for the alkali reserve may assist in this direction. For the 
rest, the stomatitis and colitis should be treated on general lines 
appropriate to these conditions. 

ib) Chronic Poisoning 
See p. 138. 

(6) — ^Phosphorus 

1523.] Phosphorus occurs in two forms: yellow and red. Yellow phos- 
phorus is rapidly oxidized in the air and must be kept under water, 
whereas red phosphorus, which is prepared by heating the yellow variety 
to 200° C. in the absence of air, is stable. Red phosphorus has no 
poisonous properties, owing to its insolubility in water and in the body 
fluids. 
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Poisoning by yellow phosphorus has become very much less common, Yellow 
because the commonest source of the poison, i.e. matches containing phosphorus 
yellow phosphorus, is no longer purchasable. Practically the only 
source of yellow phosphorus available to the public is certain rat 
poisons, e.g. rodine, which contains the phosphorus in an oily sus- 
pension, thus preventing oxidation, so that it will keep for a considerable 
time. Rat poisons containing phosphorus can usually be recognized 
immediately by the characteristic odour of the element. 

(a) Acute Poisoning 

It is difficult to estimate the average quantity which should be regarded Fatal dose 
as fatal, because many of the reported cases of fatal poisoning occurred 
after eating a number of match heads or swallowing a quantity of rat 
poison. Since the amount of phosphorus in the article concerned is not 
accurately known, the dose taken cannot be fixed. Further, a fine 
suspension of phosphorus or a solution in oil is far more active than 
coarse particles, but much of it may become oxidized to phosphoric 
acid before absorption. About 2 grains, however, is usually regarded 
as a lethal dose. 

The chnical picture is divided into two periods with an interval of Fatal period 
remission of symptoms. Thus death may occur in 8 to 24 hours in the 
first stage or in 2 to 14 days in the second stage, with an average time of 
about 6 days. 

The appearances at necropsy vary according to the time of survival. Morbid 
which depends on the dose of poison taken and the amount absorbed, 

When death occurs in the first stage, generally within twenty-four Death in 
hours, there is considerable gastro-intestinal inflammation; the oeso- 
phagus, stomach, duodenum, and a variable length of the small 
intestine show inflammatory reddening and usually some petecliial 
speckling. The changes are most severe in the stomach, which may show 
superficial ulceration and contain the poison, so that when it is opened 
it may be luminous if examined in the dark. An odour of garlic may 
also be noticed, and in severe cases the odour may be detected in the 
organs generally. Death is due to shock, and the right heart is collapsed. 

Death in the second stage occurs from acute necrosis (yellow atrophy) Death in 
of the liver, and the gastro-intestinal inflammation is slight or absent, second stage 
The body is intensely jaundiced, and patches of purpuric haemorrhage 
may be evident in mucous and serous membranes and in the skin. 

The morbid changes are described elsewhere (see Liver Diseases, Yol. 

VIII, p. 106). Intense fatty degeneration is evident in the heart, liver, 
kidneys, skeletal muscles, and mucous membranes. It is suggested that 
the haemorrhages result from damage to the blood-vessels from fatty 
change. The heart is flabby and dhffusely pale, and fatty change is Heart 
evident microscopically as a fine fatty vacuolation. The kidneys are Kidneys 
pale, and the cortex is swollen. Fatty degeneration is manifest in the 
cells of the first convoluted tubules and the ascending loops of Henle. 

Fatty casts may be seen in the collecting tubules and in the urine. The 
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Liver fatty degeneration of the liver is usually associated with a considerable 
increase in size when death occurs within a few days of the onset of 
jaundice. When death is delayed longer, the liver shows much reduction 
in size and great bile-duct proliferation. Death in these cases occurs 
in cholaemic coma, and the brain shows slight oedema. (See also 
Jaundice, VoI. VII, p. 267.) 

Symptoms Owing to the slow rate of absorption of the poison, usually 2 to 8 
hours elapse between talcing the poison and the onset of symptoms, and 

First stage indeed the symptoms associated with the first stage of poisoning may 
be entirely absent. As a rule they are definite and severe but only rarely 
fatal. At the time the poison is taken a definite taste is noticed, with a 
sense of warmth in the mouth and throat. After a variable time there 
follow nausea, vomiting, a burning abdominal pain, thirst, headache, 
subnormal temperature, and a feeble pulse. Later there may be purging, 
but this is not constant. Thcabdomen becomesdi.stcndcd,and the patient 
is restless and exhausted. The vomit, which may contain blood, is some- 
times luminous when examined in the dark. Delirium and convulsions 
often precede death. This, however, is not the usual result at this stage, 
and generally after twenty-four hours the patient appears to be approach- 
ing convalescence. This period of apparent convale.sccncc may last as 
long as six days and is then followed by the second stage. 

Second stage The first symptoms of the second stage are jaundice, epigastric pain, 
vomiting, looseness of the bowels with the motions often containing 
blood, and abdominal distension. On examination the liver is enlarged 
and tender. There is a pronounced tendency to haemorrhage, with 
bleedingfrom the nose and vagina and the formation of purpuric spots. 
The urine is scanty and contains bile and often albumin and blood. 
Microscopically, casts arc commonly seen and, it is alleged, crystals of 
leucine and tyrosine. Urea is diminished and ammonia increased. The 
van den Bergh reaction is biphasic. Fever may be present at first but is 
variable. The pulse at first is normal but of rather low tension and later 
becomes rapid, feeble, and irregular. The cases arc nearly always fatal, 
death taking place in 2 to 12 days, with an average of about six days. 
In the recorded cases the descriptions of the size of the liver vary; in 
some cases the liver was enlarged and in others small. The liver is prob- 
ably always enlarged at first, and, should the patient die in a short 
time, an enlargement will be found at necropsy. On the other hand, 
if the patient lives for a week to ten days, the liver will be small. It is 
stated that in the late stages of some cases of phosphorus poisoning 
severe nervous symptoms occur, e.g. violent delirium, convulsions, and 
paralyses. These are probably associated with haemorrhage in the 
brain or the spinal cord. 

If the patient is seen when some of the poison is probably still in 
the stomach and intestine, i.e. within the first thirty-six hours, active 
measures should be taken to remove the poison as rapidly as possible. 
Gastric lavage with large quantities of potassium permanganate solu- 
tion, 1 in 500, should be performed, followed by a similar lavage a few 
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hours later. Active purgation should be carried out, oily purgatives 
being avoided, and at the same time a high colonic wash-out should be 
given. If the stomach pump is not available in an emergency, emetic 
doses of 10 to 15 grains of copper sulphate may be used. Failing the 
availability of potassium permanganate, other oxidizing agents may be 
used, e.g, solution of hydrogen peroxide 1 to 3 per cent. When this has 
been done, the administration of unrectified French turpentine in doses 
of 30 minims is recommended, but this is rarely available. During the 
next few days oil and fat must be rigidly excluded from the diet. When 
jaundice has begun, there is but little to be done, the treatment being 
largely symptomatic. 

(b) Chronic Poisoning 

This condition is now only of historical interest; formerly it was fairly 
common among workers with yellow phosphorus, particularly in match 
factories. The poisonous fumes gained entrance to the system through 
the lungs, causing chronic inflammation of the gums and later necrosis 
of the jaw if previous pyorrhoea or caries was present. It affected 
both lower and upper jaws. Death was due to exhaustion from chronic 
sepsis, or sometimes, when the upper jaw was affected, to a spread of 
the infection to the brain. 

(7)— Thallium 

1524]. The salts of thallium are only met with occasionally: in the pre- Industrial 
paration of certain grades of optical glass, the production of tungsten 
lamps, as a rat poison, and occasionally in medicine to epilate hair. The 
rat poison zelio-corn and zelio-pastes containing 2T per cent and 2*8 
per cent of thalUum salts respectively are fairly extensively used. 

In medicine thallium acetate is used in doses of 8 mgm. per kilogram Medicinal 
of body weight in children under the age of 10 years for epilation of 
the hairs in ringworm. This method of treatment is not without danger 
and, owing to the selective action of thallium on nervous tissue and 
its slow excretion rate, it has wisely been almost abandoned in the 
treatment of ringworm. 

{d) Acute Poisoning 

In doses of 8 to 9 mgm. per kilo of body weight severe symptoms have Fatal dose 
been known to occur, and it is probable that quantities only slightly in 
excess of this amount would be likely to prove fatal (Roche Lynch and 
Scovell). 

In three cases of mine in which by mistake ten times the normal Fatal period 
epilating doses had been given, two patients died in rather less than 
thirty hours, and the third died in about sixty hours, but in other cases 
death has been delayed for several days. 

Unless the patient has lived some time, a mild degree of gastro- Morbid 
intestinal irritation with petechial submucous haemorrhage is present, 
and the organs generally show much parenchymatous degeneration. 

The heart shows much fatty degeneration, often of the ‘tabby oaf 
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distribution. The liver may be congested, with fatty degeneration most 
marked in the centre of the lobule. The kidneys arc congested, and there 
is perhaps some fatty change. 

Symptoms There appear to be two groups: (i) a mild form of intestinal disturb- 
ance, sore throat, cough, pain in the stomach, sometimes vomiting, 
and constipation rather than diarrhoea; the symptoms may not appear 
for some hours; and (ii) nervous symptoms, drowsiness, headache, 
articular pains, and sometimes effusion into the joints. The cranial 
nerves may be affected with varying symptoms. Later chorei form move- 
ments, peripheral neuritis, and blindness from optic atrophy may 
occur. Albuminuria is also described. Death often lakes place, generally 
from heart failure. If the patient survives long enough, epilation will 
occur. 

Treatment The Stomach should be washed out with alkaline lotions and sodium 
thiosulphate solution, and purgation and the intravenous injection of 
sodium thiosulphate are recommended. Otherwise treatment should 
be directed to particular symptoms as they arise. The heart should be 
watched, and stimulants will probably be necessary, 

(b) Chronic Poisoning 

In Germany several cases of chronic poisoning have been reported. 
Fatigue, loss of appetite, pains in the knees, epilation, loss of sight, 
eosinophilia, and lymphocytosis have been recorded. 

8.-POISONOUS FUNGI 

1525.] Most species of fungi arc non-poisonous, but the distinction in 
, some cases between poisonous and non-poisonous species is so dilliculi 

that, unless expert knowledge is available, they should be avoided, and 
only the common field mushroom, Agariais (Psallista) cmipcstris, 
should be eaten. 

Certain species can be eaten with impunity by some persons but 
not by others. Some species are apparently poisonous when fresh but 
on keeping lose this property. Some poisonous species become non- 
poisonous after thorough washing and cooking in water, due no doubt 
to the removal of the water-soluble toxic agent. These facts account 
for some of the apparently paradoxical statements made regarding the 
toxicity of these fungi. 

Poisonous fungi may be classified in the following groups; (i) nervous 
and severe irritant; (ii) severe irritant; (iii) irritant; (iv) haemolytic. 

(0 Nervous and severe irritant. Among the fungi capable of producing 
the symptoms described below are Amanita tnuscaria (lly agaric). 
Amanita pantherina (warted agaric), and species ofCiitocyhe and Inocyhe. 
The active principle of the first two species is muscarine, but, although 
active principles which, resemble muscarine have been isolated from the 
two latter species, it is doubtful if they are identical. It is also probable 
that these fungi contain other poisonous ingredients. 
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No figure can be given of the fatal quantity, and death, which is 
unusual, occurs in 1 to 2 days. 

According to Roch the mortality is less than 2-5 per cent, so that but Morbid 
few cases are seen at necropsy. The post-mortem findings are gastro- 
intestinal irritation with haemorrhage into the gut due to small ulcers. 

The heart is generally dilated. 

In 1 to 3 hours after eating the fungus the patient is stricken with Symptoms 
malaise followed by nausea, retching, and vomiting with great saliva- 
tion, followed soon by profuse diarrhoea with watery choleraic stools. 

The temperature is normal, the pulse slow and irregular, and respiration 
accelerated with perhaps dyspnoea. The urine is scanty. The pupils are 
contracted. Soon there appears a peculiar delirium, described by the 
French as folie muscarinique, in which the patient is excited, cries out, 
gesticulates, becomes very violent, and has to be restrained. In about 
twelve hours this condition passes off and he becomes calm, the gastro- 
intestinal condition subsides, and the patient passes into a condition of 
stupor, from which he awakes a few hours later and is convalescent in 
a few days. Death is unusual and may occur from exhaustion and from 
paralysis of respiration. 

After gastric lavage and the administration of castor oil, the use of Treatment 
belladonna is advised, but, if the patient is very violent, morphine or a 
barbiturate is advised instead. If there are signs of collapse, stimulants 
will be required. In those cases in which the gastro-intestinal symptoms 
are severe saline should be administered to replace loss of body fluid, 
to promote elimination, and to restore renal function. 

(ii) Severe irritant. Among the fungi which may be classified in this 
group are Amanita phalloides (death cap, white or deadly amanita), 

Amanita verna. Amanita citrina, the genus Volvaria, Pholiota autumnalis, 
and Hygrophorus conicus. 

Apart from the fact that there appears to be evidence that the toxic 
agent is not alkaloidal, there is not any satisfactory evidence to indicate 
the nature of the active principle. No indication can be given of the 
fatal quantity; but consumption of such fungi in relatively small 
quantities causes most severe symptoms and even death. Langeron 
stated that illness from these fungi was characterized by a relatively Fatal period 
long incubation-period of 10 to 12 hours, that the duration of the 
malady was 3 to 6 days, and that death generally occurred in 3 to 
10 days. 

Severe gastro-enteritis is present, with haemorrhage into the intestinal Morbid 
wall and swelling of the lymphatic tissue. There is intense fatty degenera- 
tion of the liver, even to the extent that is seen in phosphorus poisoning. 

Fatty degeneration of the other organs, including heart, kidneys, and 
muscles, has been described. The kidneys also are stated to show a 
glomerulo-nephritis. 

The illness begins with malaise, colicky abdominal pain, vomiting, Symptoins 
and diarrhoea, which are violent and continuous. The vomit and the 
motions contain blood and mucus. There is great thirst. The patient is 
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collapsed and dehydrated, the picture resembling that of cholera. 
The urine is scanty. In the less serious cases the condition gradually 
improves, but convalescence is slow. 

In the more serious cases Ihecondition alternates with short remissions 
followed by exacerbations. There are signs of failing heart, cyanosis of 
the extremities, and severe cramps, particularly in the calves. Often at 
the end of 36 to 48 hours there is a remission, the patient becoming 
somnolent, but this commonly ends in death from heart failure, or 
about the fifth day jaundice appears. The liver is enlarged and tender. 
Sugar in the urine has been recorded with diminution of the urea 
content and a corresponding rise in the ammonia content. Purpuric 
eruptions are seen. Thus there occurs a condition of acute yellow 
atrophy, the patient generally dying in 3 to 5 days probably before 
there has been time for the liver to shrink. Consciousness is retained 
till the end, thus distinguishing the phalloidiun syndrome from that 
due to muscarine. 

The stomach should be washed out, and copious drinks of water 
contahiing an activated charcoal should be given. Copious quantities 
of glucose-saline together with cardiac stimulants should be injected 
intravenously. Limousin suggested that the patient should be given the 
brains and stomachs of rabbits to cat raw, this suggestion being based 
on the natural immunity of rabbits to these fungi and on the fact that 
a neurotoxin and an cntcrotoxin arc concerned. He claimed success 
with this treatment in several ca.scs, but complete gastric intolerance 
may render it useless (Le Calvd). 

(iii) Irritant. In this group may be placed Rimulu enniiat, Lepiota 
helveola and other species, Boktus satanus and otlicr species of Boletm, 
Lacterius torminosus, and Entohina Jiviclum, Possibly some of these, if 
properly cooked, arc not poisonous; symptoms in thc.se cases therefore 
may be due to lack of precautions. 

Poisoning by members of this group is rarely fatal, and no details arc 
available about the fatal dose. 

As fatal cases arc rare, 1 death in 1 18 consecutive cases, the signs at 
necropsy are not well known. No doubt a gastro-cntcritis will be found. 
Symptoms come on rapidly, generally in three hours. Malaise, nausea, 
vomiting, and diarrhoea are all present. These abate in about twenty- 
four hours, and the patient recovers. 

Gastric lavage and the administration of charcoal and of castor oil 
are probably all that is required. If necessary, saline may be given and 
heart tonics, but the latter are not usually required. 

(iv) Haemolytic. In this group may be placed Helvella eaculenta and 
Morchella esculenta. The former belongs to the group that is stated to 
be edible if properly cooked and also if placed on the market in dried 
form. The German Board of Health have called attention to these 
precautions in a memorandum in 1 930. 

The toxic apnt is helvellic acid, a volatile acid with powerful haemo- 
lytic properties. No doubt it is this volatility which renders the fungus 
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non-poisonous after boiling or drying, and it would seem desirable to 
use vinegar in the cooking process to aid its expulsion. There may be 
other toxic agents in the fungus. It is not possible to state a fatal dose. 

From the few fatal cases' recorded it would appear that death takes 
place in about nine days. 

The usual changes are those of acute necrosis (yellow atrophy) of the Morbid 
liver, with haemorrhages and nephritis. anatomy 

Symptoms apparently begin in 5 to 7 hours. In most cases the symptoms Symptoms 
are gastro-intestinal, with vomiting and violent pain in the abdomen. 
Diarrhoea does not usually occur. Sometimes there is slight icterus with 
some enlargement of liver and spleen. The condition soon clears up. In 
a few cases the jaundice is severe, and the patient becomes wildly 
delirious and eventually passes into coma with the signs of acute yellow 
atrophy of the liver. Haemoglobinuria has been recorded, and it is 
suggested that the symptoms are mainly referable to the haemolytic 
effect of the toxic helvellic acid. Albuminuria and a tubulo-nephritis 
have also been described. 

Treatment consists in gastric lavage and the administration of charcoal Treatment 
and a purgative. Injections of glucose-saline may be given if the condition 
warrants it. When acute necrosis of the liver sets in, the treatment is 
symptomatic. 


9.-ABORTIFACIENTS 

1526.] These drugs are commonly divided into emmenagogues and Emmena- 
ecbolics. Apart from the fact that in the courts occasionally an attempt 
is made by Counsel to persuade a medical witness to agree that the drug 
belongs to the former class, in the hope perhaps that a less serious 
view be taken, there seems to be but little advantage in this distinction, 
and, further, it is in the case of some drugs difficult to know into which 
group to place them. It is well known that some experienced women, as 
soon as a period is missed, immediately take a quantity of some essential 
oil, such as pennyroyal, generally in gin, together with some fairly 
vigorous purgative. Such a dose sometimes produces the desired effect, 
i.e. onset of menstruation. Since it is impossible to decide whether the 
case was one of delayed menstruation or of cessation due to an early 
pregnancy, it is equally impossible to decide whether the drug is an 
emmenagogue or an ecbolic. 

The most convenient classification is as follows: (i) dangerous poisons; Classification 
(ii) purgatives; (iii) essential oils; (iv) other vegetable drugs; (v) drugs 
the pharmacological action of which is known to be on the uterus. 

(i) Among the dangerous poisons used for this purpose are arsenic. Dangerous 
mercury, antimony, phosphorus, and even cyanide. These drugs may 
be dismissed at once; they have no true abortifacient action, and the 
occurrence of an abortion can only be regarded as an ordinary complica- 
tion of a serious illness. In fact cases are on record in which death has 
taken place from such poisons without an abortion occurring. 
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In this group the only true abortifacient drug is lead and, successful 
as it undoubtedly is, it is so only at the expense of the health and often 
of the life of the taker. The frequent occurrence of abortion among 
pottery workers in the days when lead glazes were common is probably 
the origin of the extension of the use of lead salts for this purpose, and 
the well known use of diachylon plaster (emplastruni pliimbi) and other 
compounds of lead has left behind a permanent damage (sec Lbad 
Poisoning, VoI. YIl, p. 660). This poison is used much less commonly 
now, owing largely to the restriction of the sale of diachylon and lead 
salts by the Poisons Rules: but cases occur from time to time from the 
taking of white lead, paint, and even the soaking of lead piping in 
vinegar and the drinking of the resulting liquid. 

(ii) Purgatives, e.g. croton oil, gamboge, clatcrium, colocynth, and 
aloes, are ingredients of such medicines, although the first two arc not 
in common use. Probably aloes is the commonest, aloes and canolla 
powder (hiera picra) and compound pills of colocynth being common 
forms of the purgative. Aloes in combination with iron, not uncommonly 
referred to as ‘steel’, is another form. 

Such pills, as well as other drugs to be mentioned, arc often sold by 
disreputable vendors of such compounds at a price which is several 
hundred times higher than the cost. It is diflicult to describe in scion tilie 
words exactly how these purgativc.s act, but undoubtedly they arc 
occasionally successful. In one case a perfectly healthy girl who was 
about three months pregnant aborted after taking two 4-grain aloes 
and iron pills with a trace of oil of savin three times a day for two days. 
It may be that as griping is a well known efieet of these drugs, i.c. 
painful contraction of the smooth musele, they may on absorption act 
similarly on the uterus. There is evidence that aloe.s also causes con- 
gestion of the uterus. Iron and its compounds have not any aborliCacient 
elfect whatsoever. 

(iii) The compilation of a complete list of all the essential oils that have 
been used for this purpose would be a formidable task, but the com- 
moner oils which have been and still arc used for this purpose can be 
reduced to a moderate list: oil of pennyroyal, oil of peppermint, oil of 
rue, oil oftansy, apiol, oilof nutmeg, myrrh, oil of .savin, oil of lavender, 
and oil of cinnamon. These oils are not uncommonly taken in gin, with 
purgatives, and, when taken in medicinal doses or even in doses 2 to 3 
times the medicinal dose, do little if any harm. Only very rarely do they 
cause abortion, but it must be recognized that this may happen. 

They must not, however, be regarded as harmless, for severe symptoms 
and even death have followed excessive doses, at all events so far as 
some of the oils are concerned. Thus, for example, 240 minims of oil 
of pennyroyal are recorded as having been fatal, and 1 know of a 
woman who was made dangerously ill, but recovered, after a dose of 
180 drops of oil of pennyroyal. 

Oil of savin is the most toxic of all, and several deaths have been 
recorded. Most of the cases have followed drinking an infusion of 
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savin tops, which contain the oil, the active principle. The symptoms 
are acute gastro-enteritis, with vomiting, often of blood, and a severe 
toxic nephritis. 

(iv) Again, no attempt is made to record all the vegetable drugs Other 
which have been used for the purposes of abortion; the following may 

be mentioned: caulophyllum, yellow oleander (in India), cotton root 
bark (gossypii cortex), and black hellebore. 

The use of these in England to-day is probably uncommon. 

Caulophyllum and cotton root bark are stated to be used in America, 
whereas the use of yellow oleander is limited to India. 

(v) Drugs acting on the uterus include quinine, Hydrastis canadensis. Oxytocic 
pituitary (posterior lobe) extract, and ergot. 

Quinine is commonly used now for this purpose and, apart from caus- 
ing discomfort and some illness to the taker, has probably never been 
followed by fatal results, and seems rarely to achieve its purpose; but 
experience of abortion in criminal courts shows that from time to 
time it is ejffective: in one case 30 to 40 grains taken at one time produced 
abortion. It is also given in combination with some local interference, 
such as douching, and there can be no doubt that this combination 
assists in the expulsion of the products of conception. 

The remaining drugs are too well known to require comment here 
and, owing to the restriction of their sale to the public, are rarely used, 
unless the abortionist possesses medical qualifications to enable a 
purchase to be made. 


10 -POWDERED GLASS 

1527.] Although for convenience this substance is mentioned here, it is 
not a poison. Its action is purely mechanical, and therefore it might 
properly be described as wounding. Occasionally cases are recorded in 
England in which an attempt, generally unsuccessful, to cause grievous 
bodily harm or to kill is made by the incorporation of fragments of 
glass in food. In the East this method is commonly used either alone or 
with some poison on account of the popular belief that when adminis- 
tered with a substance such as arsenic the effects of the latter are 
enhanced. 

Actions for damages are occasionally brought on account of the 
accidental swallowing of glass in food. For injury to be caused by glass 
it would appear probable that two things must happen: (i) the particle 
of glass must be sufficiently large and sharp, and (ii) it must lodge in 
some part of the intestinal canal, e.g, the appendix. If the existence of 
the professional glass-eater is admitted, the chance of a piece of glass 
causing injury must be remote. It is doubtful if powdered glass in a 
state of fine division is ever injurious; Johns in 1825 recommended two 
teaspoonfuls to be given to children for worms. 

In the same category must be placed powdered diamonds, little used 
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Powdered now on account of expense. For centuries, however, this powder had a 

dhnmds reputation for death dealing, and Benvenuto Cellini, in his auto- 
biography, stated that it had been used in an attempt made on his life. 
The matter may therefore be dismissed by slating that, should a frag- 
ment of glass become lodged in some part of the intestinal canal 
whereby injury is done or a viscus perforated, there may be a severe 
illness, which from its complications may prove fatal, but that such an 
event is extremely unlikely. 


REFERENCES 


Alphonsine, H. (1935) Gcii. Prewt. aiul Frmo-lirit, iml. Rer., 11, B7. 

Le Calve (1936) 44,1724. 

German Board of Health (1934) Rekhsgmmlk'ilshkitt, 9, H40. 

Hadfield,G.(1929)/M.S«c/,,32, 135. 

Johns, W.(1825) 6, 217. 

Langeron, M. (1922) Section Tnloxications paries champignons', Noiami 
Traits de Medmiie (Roger, G. H., Widal, F., and Teissier, M.), Paris, 
VoL6,p.480. 

Leschke, E. (1934) Clinical Toxicolof'y, Modern Mcthod.s in the Oki^niosis 
and Treatment of Polminj'. Transi. by P. Stewart and 0. DoiTcr, 
London, 

Limousin, H, (1931) C. R. Coup'. Soc. m. CleriiuniM'crrmd. 

- and Petit, G. (1932) BidL Acad. Med. Paris, 107, 698. 

Lynch, G.R. (1938) 63,240. 

~ and ScovcII, J, M, S. (1930) Lmcct, 2, 1340. 

Petit, G., and Audistire (1933) Ann. Med. i{%, 13, 449. 

Willcox, W. H. (1927) Proe.R. Soc. Med., 20, 1479. 

Williams, S. W., and Panting, R. M. (1937) M. med . ./., 1, 550. 

Witthaus, R. A. (1911) Manual of Toxicology. Reprinted from Witthaus’ and 
Becker’s Medkcd .lurispnuimcc, Forensic Mcdiedne and Toxieohity, 
New York. 



II.-INDUSTRIAL POISONING 


By DONALD HUNTER, M.D., F.R.C.P. 

Physician, London Hospital 

PAGE 

1. INTRODUCTION _____ 128 

2. PREVENTION OF DISEASE IN INDUSTRY - 129 

3. NOTIFICATION AND COMPENSATION - - 135 

4. ARSENIC ______ 136 

5. MERCURY ______ 138 

(1) Metallic Mercury - - - - 138 

(2 ) Mercury Fulminate - - - - 140 

(3) Organic Mercury Compounds - - - 142 

6. SILVER _______ 142 

(1) Generalized Argyria _ _ _ _ 143 

(2) Localized Argyria - - - - 145 

7. MANGANESE - - - - - - 145 

8. TOXIC GASES 147 

(1 ) Simple Asphyxiants: Carbon Dioxide - - 148 

(2 ) Chemical Asphyxiants - - - - 149 

(a) Carbon Monoxide _ _ _ _ 149 

(b) Sulphuretted Hydrogen - - - 150 

(c) Hydrocyanic Acid - - - - 151 

(3) Irritant Gases - - - - - 151 

(a) Nitrous Fumes - - - - 151 

(b) Chlorine - - - - -155 

(c) Phosgene - - - - -155 

(d) Fluorine and its Compounds - - - 155 

(e) Sulphur Dioxide - - - - 160 

(f) Ammonia - - - - - 160 

(4) Organo- Metallic Gases - - - - 161 

(a) Nickel Carbonyl _ _ _ _ 16I 

(b) Arseniuretted Hydrogen - - - 162 

(c) Dimethylarsine _ _ _ _ i65 

(d) Phosphoretted Hydrogen - - - 165 

?. BENZENE AND ITS HOMOLOGUES - - 166 

(1 ) Sources of, and Toxicity of. Solvents - - 166 

•'(2 ) Clinical Picture of Benzene Poisoning - - 168 

127 



128 


TOXICOLOGY 


[VOI.. XII 


i>Acji; 


(3) Prognosis and SiiQuiiLAii ~ - ■ - 170 

(4) Diagnosis and Dii'I'hkkntiad Diagnosis oi' Curonk’ 

Benzene Poisoning - - -■ - 171 

(5) Treatment - - • - 171 

10. NITRO- AND AMINO-DliRlVATI VES - 172 

(1) Mononitrobenzhne - ~ - - 173 

(2) Dinitrobenzene - ~ - - - 173 

(3) Phenylenediamine -- - - 174 

(4) Trinitrotoluene ~ . . 175 

(5) Dinitropuenol -- - - - 176 

(6) Aniline -- - - - 177 

(7) Aniline Tumours oe' rin; Bladdi'r - 178 

11. CHLORINATED HYDROCARBONS • • 180 

(1) Methyl Chloride - - 181 

(2) Carbon Tethactiloride - 181 

(3) TETRACHLORETIIANIi ■ - 183 

(4) Trichlorethylene - . . 1X4 

12. OTHER ORGANIC COMPOUNDS 18.S 

( 1 ) Carbon Disulphide - 185 

(2) Acetone - - • ■ 187 

(3) Dieteiylene Dioxide - - ■ • 187 

13. INJURIES FROM X-RAYS - 187 

14. INJURIES FROM RADIO-ACTIVE SUBSTANClvS 191 


1. -INTRODUCTION 

1528.] Knowledge of industrial toxicology began very early in the 
history of civilization, for physicians of ancient Greece knew that 
breathing volatilized lead might cause colic and paralysis. In contrast 
the physician of to-day has to cope with .substance.s which were little 
more than chemical curiosities twenty years ago, including coal-tar 
derivatives, chlorinated hydrocarbons, and ketones, some of which arc 
harmless and others so deadly that their use might belter be forbidden. 
Some are absorbed by inhalation, others through the skin; some attack 
the liver causing toxic jaundice, others the kidneys causing suppression 
of urine; some affect the blood causing cyanosis, others destroy the 
bone marrow causing haemorrhagic purpura and aplastic anaemia. 

In Great Britain the Factory Department of the Home OffioJ is 



S.KEY 1528] 


INDUSTRIAL POISONING 


129 


engaged constantly in effective and progressive work for the prevention 
of disease in industry. It numbers on its staff men and women who are 
among the greatest living authorities on different aspects of industrial 
hygiene and toxicology. Their profound store of knowledge, constant 
helpfulness, and unfailing courtesy are not always fully appreciated by 
industry. Apart from the medical services of the state it is important 
that medical practitioners should possess the special knowledge and 
training enabling them to advise the employer how his industry may be 
carried out in safety. At present, with a few exceptions, it is only the 
Medical Inspectors of Factories who have this knowledge. No doubt 
with the growth of this branch of preventive medicine more members 
of the medical profession will make themselves competent in this 
interesting work. 

The work of the industrial practitioner consists of medical supervision, 
preventive medicine, and public health within the confines of an industry. 
His aim is to safeguard the health of the employee and to minimize 
time lost from work because of sickness or accident. Though one of 
his functions is treatment, he is mainly employed in an advisory and a 
preventive capacity. Working in co-operation with managers, workers, 
engineers, chemists, and architects he has to discover faults in the 
working environment and devise remedies for them. One of his most 
interesting duties is to bring into the effective service of industry the 
discoveries of the research worker. 


2.-PREVENTION OF DISEASE IN INDUSTRY 

The principles underlying the prevention of disease in industry can be 
summarized under fifteen headings. 

(i) Protection of the workman by law 

In Great Britain the number of diseases notifiable under the Factory Notification 
Act (1937) and the Shops Acts and subject to compensation under the 
Workmen’s Compensation Acts (see p. 136) indicates the existence of 
an alert and enlightened legislature. From 1878 onwards, provisions were 
made to control dangerous trades by so-called special rules of the 
Home Office. The early knowledge of industrial diseases was obtained 
by placing an obligation on the medical practitioner and employer to 
notify them to the Chief Inspector of Factories. Between 1896 and 1927 
anthrax, toxic jaundice, epitheliomatous ulceration, chrome ulceration, 
chronic benzene poisoning, and poisoning by lead, phosphorus, arsenic, 
mercury, carbon disulphide, and aniline were made notifiable. The 
scope of the Workmen’s Compensation Acts is wider than that of 
the Factory Acts as they are intended to cover all cases of sickness 
of strictly occupational origin, the individual being considered and 
not merely the conditions under which he works. There are now 
some thirty-eight scheduled diseases, of which the diseases of miners 
and dermatitis alone constitute more than 90 per cent of the cases 
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compensated (see Skin Disiiasks: Occupa'Honal Dispashs, Yol. XI, 
p. 161). New occupational risks constantly arise; asbestosis and 
dioxan poisoning arc examples of dangers recently brought under 
control. Sometimes great expansion occurs in one trade, as was the 
case with the manufacture of accumulators from 1922 to 1924 owing 
to an increase in the use of motor cars and wireless apparatus. Such 
expansion of an industry makes great demands on those responsible 
for the prevention of disease in the factories concerned. 

(ii) Medical inspection under State support 

In Great Britain the workpeople are protected not only by the 
inspectors of factories under the Factory Act (1937) and the Shops Acts 
but also by the inspectors of mines under the Mines Acts. Medical 
examination of entrants into industry, required by law and carried out 
by certifying surgeons, is very limited in extent and applies only to 
young persons between the ages of 14 and 16; but it was undoubtedly 
the forerunner of the much more extensive voluntary medical examina- 
tion now often undertaken. An increasing number of employers arc 
realizing the advantages of some kind of medical service in the factory. 
An additional measure of protection applied in many industries is 
the periodical medical examination of any workers exposed to known 
risks. This maybe at weekly, fortnightly, monthly, or quarterly intervals 
and may be carried out by the certilying surgeon or an appointed 
surgeon approved by the Chief Inspector. These examinations are 
chiefly undertaken in the case of work involving exposure to lead, 
carbon disulphide, benzene and other fumes in india-rubber works, 
and to chromic acid in chromium plating. 

After the War 1914-18, a number of medical men were appoinled to 
work as whole-time or part-timeworks doctors with happy results, but 
more are needed. They can often detect intoxication before disability 
is produced; thus examination of the blood for punctate basophilia is 
of extreme value in the prophylaxis of plumbism and is indeed essential 
if manifest plumbism is to be avoided. Similarly in the earliest stages of 
benzene poisoning the platelet and ’whtie-ccll counts may {all, and belbrc 
tetrachlorcthane poisoning appears the white-cell count may be raised. 
Facilities should be available for periodical medical examination and 
for repeated radiographs of the lungs in persons exposed to the risk of 
pneumoconiosis (seeVol. IX, p. 708). 

(iii) Prevention of dust and fume 

Dangers from dust and fume may be removed by local or general 
exhaust ventilation. As Sir Thomas Legge emphasized Sinless and until 
the employer has done everything— and everything means a good deal— 
the workman can do nothing to protect h imsclf, although he is naturally 
willing enough, to do his share’. Whenever possible exhaust ventilation 
through hoods must be applied at the point of origin of the dust or 
fume; this is in use in the manufacture of electric accumulators and of 
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white lead, and in the manipulation of silica and asbestos, and of 
carbon disulphide and benzene in india-rubber works. In certain 
instances general as opposed to local exhaust ventilation is applied; 
a good example is the ventilation of dope rooms and of cellulose spray- 
ing shops, where it is obviously impracticable to apply local exhausts 
direct to each doping bench or spraying horse. 

In dusty lead processes, such as mixing and pasting in the manufacture Avoidance of 
of electric accumulators and the breaking down of the white-lead stack, 
the hose-pipe must be used freely to reduce dust to a minimum. The 
breaking down of white-lead stacks in a dry state must be forbidden, 
and white lead should be converted direct into an oily pulp without 
dry grinding. The use of dry sand-paper for the removal of paint must 
be forbidden, and wet waterproofed sand-paper be substituted. A 
preventive method widely applied in the mining, metallurgical, and 
ceramic industries is the substitution of wet methods for the original 
dry screening, grinding, milling, and mining processes. Dry drilling is 
the cause of most of the dustiness in mining, and wet drilling, although 
it does not ensure a dust-free atmosphere, reduces dustiness consider- 
ably. In the grinding industries entailing the use of sandstone wheels 
a continuous stream of water should run over them. In dusty trades 
respirators should be used when possible, but it is usually difficult to Respirators 
persuade the men to wear them. 

(iv) Protective apparatus uncontrollable by the workman 

Sir Thomas Legge insisted that in the prevention of disease in industry 
‘if you can bring an influence to bear external to the workman — that is 
one over which he can exercise no control — ^you will be successful; 
and if you cannot or do not, you will never be wholly successful’. In 
the case of exhaust ventilation it is usually simple to have the machinery 
operating the fans entirely outside the workshop. Even so, the protec- 
tive apparatus may not be fool-proof, as in the case of the workman 
in a grinding shop who can turn back the hood from his grinding 
wheel for use as a receptacle for tools, thus making the whole apparatus 
ineffective. 

(v) Education of the workman as to the nature of the danger 

Sir Thomas Legge insisted that ‘all workmen should be told something 
of the danger of the material with which they come into contact, and 
not be left to find it out for themselves, sometimes at the cost of their 
lives’. The factory physician should emphasize the necessity of teach- 
ing the workman to take an interest in protecting himself; he should 
be taught the importance of clean habits in lead works and should be 
made to understand such matters as the principles of dust suppression. 

For example, he should recognize that a vacuum-cleaner is used to 
remove dust from a workshop for his protection and should therefore 
never be employed with the motor reversed. Cautionary placards and 
illustrated notices should be used in the work-rooms concerned so that 
the early lesions of the skin in anthrax and in chrome ulceration are 
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familiar to all. To ensure the prompt trcatmciU of anthrax, an individual 
card has been devised for workers employed in industries exposing 
them to risk. In case of illness this is presented to the doctor as a hint 
that the possibility of anthrax should be considered. It is vitally import- 
ant that men should be trained in safe methods of artificial respiration 
so that these can be employed promptly in cases of carbon monoxide 
poisoning. The factory physician must never agree to a scheme in which 
the workmen are kept ignorant of the poisonous nature of substances 
handled. In 1917 American workmen were told that trinitrotoluene 
might indeed explode but was otherwise harmless; this attitude was 
a distressing obstacle to those who tried to introduce into American 
plants the safeguards which had been successfully adopted in Great 
Britain. 

(vi) Cleanliness of work places 

In some dangerous trades constant vigilance by a stall' of good foremen 
is necessary. In the manufacture of trinitrotoluene absorption through 
the skin cannot be prevented unless benches, tools, lloors, and walls 
are kept spotlessly clean. Similarly glaze rooms and dipping rooms in 
the potteries, accumulator pasting shops, and all rooms in which a 
dusty lead process is carried on must be cleaned every night to prevent 
the inhalation of dust of compounds of lead. Where it is impracticable 
to use a wet process, as for example in the manufacture of litharge, tlic 
foremen must see that no dust is raised in shovelling. 

(vii) Bodily cleanliness 

Cloak-rooms, washing rooms, mess-rooms, baths, nail-brushes, towels, 
and soap must be provided by the employers and used in their time. 
Where absorption is known to occur through the skin, as in the use of 
aniline, nitrobenzene, and trinitrotoluene, appropriate protective cloth- 
ing must be worn. If direct contact with the poison cannot be avoided 
every means must be adopted to protect the skin. The surface which is 
necessarily exposed may be covered with a bland ointment, dusted with 
powder, or washed frequently. There is, however, a risk in too much 
washing of the skin, and care must be taken to use the least irritating 
cleansers, to avoid scrubbing, and to replace the lost oils of the skin by 
inunction with an animal fat. 

(viii) General hygiene 

Certain principles apply to all trades but are of greater importance in 
the dangerous trades because their neglect may increase the exposure 
of the worker to the poisons concerned. Measures must be taken to 
prevent long hours of work, the employment of boys and girls, undue 
heat from furnaces and steam from tanks, and the use of underground 
workshops and bad lighting and ventilation. In this country the law 
requires that every factory or workshop shall be kept clean and free 
from eifluvia, provided with sufficient means of ventilation, and kept 
at a reasonable temperature. It does not, however, contain any pro- 
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visions as regards lighting. If domestic conditions were always of the 
standard required by law for a factory or workshop, the health of the 
general population would certainly be improved. It is not suggested 
that the conditions existing in every factory or workshop in Great 
Britain are by any means perfect, but in the majority a good standard 
has been attained. During the years 1914-18 it was realized that hygienic 
surroundings, good ventilation and lighting, facilities for obtaining food 
at a reasonable cost, and opportunity for rest and recreation were not Rest and 
only good for the worker but to the advantage of the employer. The 
benefits derived from such improvements have served to stimulate the 
provision of further facilities for workers to enjoy a healthy life. Except 
in the special rooms set aside for the purpose, smoking, eating, and 
drinking must be forbidden in certain works, for example lead works. 

(ix) Improvements by chemists 

The simplest method of preventing an industrial disease is to prohibit Replacement 

the use of the responsible toxic substance. The possibility of such 

j t T . ^ non-toxic 

prohibition depends on the discovery of an innocuous substance substances 

competent to replace the noxious one. In the case of yellow phosphorus, 
workers in the match industry were completely protected by the intro- 
duction of a harmless substitute in phosphorous sesquisulphide, and 
the substitution of silver salts for mercury in the silvering of mirrors 
was another example. Chemists have produced a low-solubility glaze 
which protects the potter from the dust of white lead, and in a similar 
way paint technologists have protected the painter of metals by the 
invention of a non-setting red lead. The use of plastic rubber, i.e. rubber Plastic 
in which litharge has been incorporated in a mother batch to the extent ^^bber 
of 90 per cent, will abolish the production of lead dust in certain 
processes in the rubber industry. Extraction with sulphuric acid or Carcinogenic 
oxidation will reduce or completely remove the carcinogenic activity 
of a mineral oil such as that used in cotton mule-spinning. Substitutes 
must be found for toxic solvents. Since coal-tar benzene is highly 
toxic, the works’ chemist must choose less toxic solvents, for example 
petroleum benzine and acetone. Further research is required to find, 
for example, a harmless substitute for nitrate of mercury in the felting 
of fur. 

(x) Improvements by engineers 

Whenever possible mechanical means should be substituted for hand 
carriage; examples of this are seen in the use of cranes, rails, hoists, 
travelling belts, covered conveyors and hoppers, and automatic packing 
machinery. The abolition of hand filling of shells, the substitution of 
shot-blasting for sand-blasting and of stainless steel for chromium 
plating, and the use of an enclosed film steam evaporator in the manu- 
facture of silver nitrate are further examples. The invention of electro- Mercury 
plating about 1 840 led to a great diminution in the incidence of mercurial 
poisoning because it took the place of water-gilding, in which mercury 
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was volatilized from an amalgam by heal over a (ire. An outstanding 
contribution to the reduction of the risk of lead poisoning was the 
invention of the wct-pulping method in the manufacture of white lead. 
Fifty per cent of the white lead manufactured in this country is never 
handled in the dry state but is converted from an aqueous pulp to 
an oily paste in closed machines. Glass workers' cataract has been 
minimized by the invention of a glass-bottle making machine producing 
bottles at the rale of forty a minute and at one-ninth the original labour 
cost. In iron and steel rolling mills the use of goggles made of Crookes's 
glass protects the eyes from the fierce heat and glare and so prevents 
cataract. 

(xi) Knowledge as to portals of entry of toxic substances 

When it is known by what route -respiratory, alimentary, or cutaneous 
— a poison is absorbed the medical adviser can, in consultation with the 
employer, indicate on which principles the methods of protection should 
be based. In most industries absorption through the respiratory tract 
is of overwhelming importance. Lxcept in very rare instances lead 
poisoning is not due to eating with unwashed hands. In a few industries 
absorption through the skin may lake place, for example in the handling 
of aniline, nitrobenzene, trinitrotoluene, nicotine, and lead tetraethyl. 
The mechanical details which render the workers in a given industry 
safe from toxic substances must be settled in consultation with engineers. 

(xii) Multiplicity of poisons in a given trade 

A given trade may be dangerous for more than one reason. lYu* 
example, in the painter’s trade lead, turpentine, benzene, and methyl 
alcohol may all be used, and in the rubber trade benzene, lead, and 
carbon disulphide. In the leather trade there may be exposure to 
anthrax bacilli and to carbon dioxide, sulphurettccl hydrogen, nitro- 
benzene, and aniline. A workman may be ignorant of the substances 
used, or they may be trade secrets. In taking a clinical history, even 
when the substances are known, it is often difTiciilt to determine which 
is responsible. The medical adviser must discover the particular depart- 
ment ill which a man works; for example, in the rubber trade, if plastic 
rubber is not used, there is a risk of lead poisoning, but only in the 
mixing room where oxides of lead are handled. In complicated pro- 
cesses, such as those of dye manufacture, many dillicultics may be 
encountered in an attempt to determine which chemical compound 
is responsible, for example, in the so-called aniline tumours of the 
bladder (see p. 178). 

(xiii) Limitation of exposure 

In certain dangerous processes men must not remain for long periods 
at any one job: in lead smelting and in proceSvSCvS involving exposure 
to carbon disulphide, nitrobenzene, and trinitrotoluene, short shifts 
must be enforced. Hours of work must be limited for men working in 
compressed air or in hot deep mines. The medical supervisor must 
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make use of all known methods to detect the earliest onset of poisoning 
by substances such as lead, benzene, and tetrachlorethane. 

(xiv) Selection of immune persons 

Employment of women and of all persons under 18 years of age in Employment 
certain trades should be forbidden. In gas works and on blast furnaces, 
where there is a danger of carbon monoxide poisoning, it is better to 
employ middle-aged men, who are partially protected by their lesser 
physical activity and slower respiration. The selection and employment 
of immune persons only is an ideal, the attainment of which must wait 
on better knowledge. If research could produce satisfactory tests for 
immunity to various poisons a great deal of suffering and expense 
could be abolished. 

(xv) Further researches 

It would be idle to suppose that our knowledge of industrial diseases 
is a finished chapter. Many diseases of occupational origin remain 
unknown for years, notable instances being asbestosis and spirochaetosis 
icterohaemorrhagica (Weil’s disease). Clearly there must be others still 
eluding our search. New processes are constantly springing up. In some New solvents 
countries new solvents for rapidly drying paints and varnishes have 
been allowed to poison men because these substances were not first 
tested on experimental animals; poisoning by methyl mercuric iodide 
in the manufacture of fungicides for seeds need never have occurred 
had inquiry been made beforehand by means of animal experiments. 

Until 1933 the co-operation of geologists in attacking the problem Geological 

of pneumoconiosis had not been sought. The petrological microscope 

rapidly incriminated silicates such as sericite and sillimanite, whereas 

previously silica had been held solely responsible. Many problems yet 

remain to be solved. Is the high incidence of malignant disease of the 

nasal sinuses in workers in nickel related to substances used in their 

work and is there also a high incidence of lung carcinoma among 

them? Will the chemist find a suitable substitute for nitrate of mercury Chemical and 

in the felting of fur? Will the bacteriologist succeed in producing effective 

inoculation against spirochaetosis icterohaemorrhagica? What is to be 

done about Raynaud’s phenomenon produced by the use of vibrating 

tools, including pneumatic drills, rams, chisels, and riveting machines? 

These and many other problems await solution. We are on the right 
path but there is a long way to go. 


3.-NOTIFICATION AND COMPENSATION 

1529.] Under the Factory Act (1937) and the Shop Acts the notification of Factory and 
eleven disease groups is compulsory upon medical practitioners and must 
be made to the Chief Inspector of Factories, Home Office, Whitehall. 

Diseases which are notifiable if occurring in a factory or workshop are 
as follows: (i) lead poisoning, (ii) phosphorus poisoning, (iii) mercurial 
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poisoning, (iv) arsenical poisoning, (v) carlx)ii disulphide poisoning, 
(vi) aniline poisoning, (vii) chronic benzene poisoning, (viii) toxic 
jaundice, (ix) anthrax, (x) cpithcliomalous ulceration due to pitch, tar, 
paraffin, and mineral oil, and (xi) chrome ulceration. 

Under the Lead Paint (Protection against Poisoning) Act of 1936 it is 
compulsory upon medical practitioners to notify lead poisoning con- 
tracted by any person employed in connexion with the painting of any 
building whether or not it is a factory or workshop. 

Certain diseases, namely acute poisoning by carbon monoxide, 
hydrogen sulphide, trichlorcthylcne, and benzene, which arc sudden 
in their effects and therefore classed as accidents, must be reported by 
the employer to the Factory Inspectors. In addition there is a very 
large group of industrial or occupational di.seascs which, although not 
notifiable, arc included under the Workmen’s Compensation Acts. The 
diseases subject to compensation include the noliliablc diseases and 
twenty-seven other disease groups. (See ;ilso Skin Dishasik; Occ’upa- 
riONAL Diseases, Vol. XI, p. 162.) Pneumoconiosis is provided for under 
the Silicosis and Asbestosis (Medical Arrangements) Scheme, 1931. Five 
such schemes now exist: (i) Refractories Industries Scheme, (ii) Sand- 
stone Industries Scheme, (iii) Metal Grinding Scheme, (iv) Various 
Industries Scheme, and (v) A.sbcstos industry (Asbc.stosis) Scheme. 


4.-ARSENIC 

Twoform 1530.] Industrial arsenic poisoning occurs in two forms: (i) from 
foSonIng inhalation of or contact with the dusts of compounds of arsenic, and 
(ii) from inhalation of arseniuretted hydrogen gas (see p. 163). The 
symptoms in the two groups bear little or no resemblance to one 
another. The compounds of anscnic act as local irritants to the skin 
and mucous membranes. Only rarely is the dose of arsenic large enough 
to produce the gastro-enteritis so common in the criminal administra- 
tion of arsenic. Arseniuretted hydrogen, on the other hand, acts as n 
powerful haemolytic agent, causing hacmoglobinuria, anaemia, and 
haemolytic icterus. 

Arsenical compounds arc met with in the smelting and refining of ores, 
‘compounds subliming of white arsenic, and in the manufacture of sheep dip 

(sodium arsenite), Paris green (copper aceto-arsenite), and Schecle’s 
green (cupric arsenite), White arsenic is used as a preservative of hides, 
skins, and furs, and Paris green as an insecticide for fruit trees. The 
dusts of the arsenic compounds manufactured in industry are very light 
so that in processes of sifting and packing, unless these are carried 
out in closed apparatus from start to finish, the dust is very likely to 
alight on and remain on the skin. 

The skin is affected especially where there arc folds, as around the 
nose and mouth, or where surfaces are moist, as in the axillae or on 
the scrotum. Here a dermatitis is set up which leads, if not treated, 
to extensive ulceration; associated with the skin eruption are con- 
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junctivitis with oedema of the eyelids, coryza, dryness of the throat, 
and hoarseness. In severe cases vomiting occurs but colic is rare. Head- 
ache and paraesthesiae in the limbs may occur, but wide-spread poly- 
neuritis is rare and motor paralysis is practically never seen. Brown 
pigmentation of the skin, usually on the temples, eyelids, and neck is Pigmentation 
present in those who have worked for years in contact with arsenical 
dusts. In severe cases there may be intense bronzing of the chest, abdomen, 
and back. The most characteristic lesion produced in the upper air- 
passages is perforation of the nasal septum, which may be complete Perforation 
in a month from the time of starting work. Once the perforation is 
complete no further symptoms occur and the worker may be ignorant 
of the existence of the condition. 

There is a prevalent belief that arsenic is an important cause of Relation of 
industrial cancer. In actual fact, apart from that occasionally following 
long-continued therapeutic administration, skin cancer due to arsenic 
is extremely rare. The wide-spread occurrence of arsenic in industry 
has naturally led to the belief that it is responsible for many other 
forms of industrial cancer, but all the available evidence is contrary to 
such a view. In 1820 John Ayrton Paris described arsenic cancer of the 
scrotum in tin smelters, but his statement that animals may also be 
affected has never been substantiated. Tt may, however, be interesting 
and usefuf, he wrote, ‘to record an account of the pernicious influence 
of arsenical fumes upon organized beings, as I have been enabled to 
ascertain in the copper smelting works of Cornwall and Wales; this 
influence is very apparent in the condition both of the animals and 
vegetables in the vicinity; horses and cows commonly lose their hoofs, 
and the latter are often to be seen in the neighbouring pastures crawling 
on their knees and not infrequently suffering from a cancerous infection 
in their rumps. ... It deserves notice that the smelters are occasionally 
affected with a cancerous disease in the scrotum similar to that which 
infests chimney-sweepers.’ Jonathan Hutchinson (1888) first called 
attention to the carcinogenic properties of arsenic. He described cases 
of carcinoma of the skin in patients treated by arsenical mixtures for 
psoriasis and other skin conditions. The fine powder of arsenical 
compounds which settles on the skin of the industrial worker may give Warts 
rise to warts on the nostrils, eyelids, lips, ears, and wrinkles of the 
neck, and, since these compounds of arsenic are carcinogenic, the warts 
may become malignant. 

Cases of cancer of the skin due to occupational exposure to arsenic Incidence of 
are seen in hospitals from time to time but they are rare. In 30 years f^ncer^^ 
only three have been seen at the London Hospital, two in 1910 and 
one in 1924 (O’Donovan, 1928). These three patients had been employed 
for 26 and 20 years in the sheep-dip industry and each developed a 
squamous-celled carcinoma. The clinical picture of all was made up 
of pigmentation, keratosis, and single or multiple malignant growths. 

There were no special sites. Face, abdomen, scrotum, buttocks, clavicle, 
and lower chest were affected. 
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The floors of workrooms and passage-ways should be of cement so 
as to ensure impermeability, and they should be frequciilly Ikislied with 
water. Workrooms should be well ventilated and hoods connected with 
a good draught placed over apparatus emitting dust. All poisonous 
fames should be condensed and any dust caught removed. Mot processes 
should be carried out under glass hoods and manipulation of powders 
in closed glass cabinets. When possible, mechanical methods should 
take the place of hand labour. Apparatus and receptacles must be 
strong to avoid breakage. In all processes in which arsenic dust is 
likely to arise tables should be provided with downward exhaust 
ventilation. Protection of the workers against (he dust of Scheelc’s 
green is diflicult to secure because, being light, it is blown about readily. 
Automatic packing is not possible, and the ordinary moans of protec- 
tion by respirators favours sweating and conscciucnl ulceration of the 
skin. Persons with a moist skin and those who sweat readily arc unsuit- 
able for the work and should be excluded. Special working clothes and 
head-gear, washing accommodation, and towels should be provided. 
Neither food nor drink should be taken in the workroom, and smoking 
and the taking of snulf should be prohibited (Halt hazard, 19.30). 


5.-MERCURY 

1531.] Mercury poisoning occurs in industry in three forms: (i) from 
exposure to the vapours of metallic niercury,(ii)fromcon(act, particularly 
of the skin, with mercury fulminate, and (iii) from exposure to the 
vapours of methyl mercury compounds. The clinical picture is dilTcrcnt 
in each of these three types. 

(1) — ^Metallic Mercury 

^Occupations giving rise to the risks of exposure to metallic mercury 
include mercury mining; recovery of the met;il from the ore; separation 
of gold and silver from their ores by means of an amalgam with 
mercury; manufacture of barometers and thennometers and some types 
of electric meters and electric lamps; water-gilding, in which an amalgam 
of gold or silver is applied to the object concerned and the mercury 
volatilized by heat; manufacture of oxides and salts of mercury, 
vermilion, and anti-fouling paint; manufacture of surgical dressings 
containing mercury salts; bronzing of field gla.ssc.s and photo-engraving; 
and the felting of fur and the manufacture of hard felt-hiUs. Mercury 
vaporizes even at room temperature and, although there is no doubt 
that it can be absorbed through the unbroken skin, the use of the metal 
in industrial processes gives rise to poisoning mainly through the 
respiratory tract. In 1804 there was a fire in a quicksilver mine in Austria 
and a good deal of mercury vapour escaped into the air and spread over 
the countryside; 900 persons in the neighbourhood had mercurial 
tremor and many cows suffered from salivation, cachexia, and abortion. 
But poisoning can. occur from exposure to mercury at ordinary tempera- 
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tures. In 1810 a British ship had some mercury containers broken in 
the hold. As a result all the birds and cattle on board died; 200 sailors 
had symptoms of mercury poisoning, and three of them died. 

The danger in the felt-hat industry arises from the presence in the air Felt-hat 
of workshops of fine fur which has been treated with nitrate of mer- 
cury in the process of felting. The fine hairs which form the fur of 
rabbits, hares, musk-rats, and beavers are smooth, resilient, and straight. 
Treatment with some chemical substance which makes them limp, 
twisted, and rough greatly aids the felting process and many chemicals 
have been shown to produce such an effect. Among them is an acid 
solution of mercuric nitrate which is now used in the preparation of 
hatters’ fur in all countries except Russia. 

The symptoms of mercurial poisoning arising in industry are as a rule Clinical 
much slower in onset and more insidious in character than those which 
result from the continued internal administration of mercury. Further, 
two characteristic sets of symptoms which are never seen in medicinal 
cases occur in industrial cases, namely, tremor and erethism. Salivation 
and tenderness of the gums and mouth are usually early symptoms. 

The gums are swollen and bleed readily, but it is not easy to distinguish 
an early mercurial gingivitis from the pyorrhoea of a neglected mouth. 

Rarely a mercurial line is seen on the gums. It may resemble the blue 
line due to absorption of lead but some authors state that it is brownish. 

The most characteristic symptom, though it is seldom the first to Tremor 
appear, is mercurial tremor. It is neither so fine nor so regular as that 
of thyrotoxicosis. It may be interrupted every few minutes by coarse 
shaking movements. It usually begins in the fingers but the eyelids, lips, 
and tongue are affected early. As it progresses it passes to the arms and 
then to the legs so that it becomes very difficult for a man to walk about 
the workshop and often he has to be guided to his bench. At this stage 
the condition is so obvious that it is known to the layman as the 
'hatters’ shakes’. Charcot held that the tremor was hysterical. Against 
this is the fact that it cannot be relieved by psychotherapy but often 
passes away if the patient gives up his work before it has reached a 
serious stage. Alcoholism greatly favours its development and it is 
claimed that no total abstainer has ever suffered severely from tremor. 

The severe psychic symptoms known as erethism have been rare since Erethism 
silver took the place of mercury in mirror making. The man affected is 
easily upset and embarrassed, loses all joy of life, and lives in constant 
fear of being dismissed from his job. He has a sense of timidity and 
may lose self-control before strangers. Thus if a visitor stops to watch 
such a man in the factory, he will sometimes throw down his tools and 
turn in anger on the intruder, saying that he cannot work if watched. 
Occasionally a man is obliged to give up work because he can no longer 
take orders without losing his temper, or if he is a foreman he has no 
patience with the men under him. Drowsiness by day, depression, loss 
of memory, and insomnia may occur but under modern conditions 
hallucinations, delusions, and mania are rare. 
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In the manufiiclurc of clinical thermometers and in laboratories where 
mercury is handled extensively, the benches should be covered with a 
smooth and impervious surface sloping in such a way as to drain the 
mercury into a suitable receptacle at the lowest point. The walls and 
floors should be of impervious material and the floor should bo cleansed 
at the end of each day’s work. Thermometers should not be lillcd 
without suitable exhaust-ventilation for the removal of mercury vapour. 
Overalls, mess-rooms, and washing facilities should be provided. The 
mouth and pharynx should bo frequently rinsed with a mouth-wash and 
the teeth cleaned with a soft toothbrush and a dentifrice. Periodical 
medical and dental examination can achieve a great deal, especially 
by emphasis on the proper hygiene of the mouth. Cavities in carious 
teeth should be filled, sharp angles smoothed, and stumps and teeth 
irremediably decayed extracted. 

In the furriers’ workshops of halters the technical processes of carrot- 
ting, drying, brushing, sorting, and packing are carried out; if the fur- 
cutting shops are small, cheaply built, and badly managed, poisoning 
will readily arise. But ventilation and spotless cleanliness in such shops 
cannot eliminate all risks for after the carrotted fur has left the hatters’ 
furriers’ workshop it goes through further processes known as blowing, 
forming, hardening, sizing, blocking, shaping, crown and brim ironing, 
planking, proofing, stoving, and pressing. It is, indeed, a pity that 
chemists have not found any eflicient substitute for mercuric nitrate in 
the carrotting process for, although cases of poisoning in Great Britain 
are now negligible, therearemany elsewhere. Russia has had the courage 
to use a potash method, but this produces fell of inferior quality. The 
Health Organisation of the League of Nations is to take action in 
finding a remedy for this blot which persists in modern industry. 
Stomatitis must be treated by the use of the toothbrush, mouth- 
washes, and dental extraction when necessary. A workman alTcclcd by 
mercurial tremor must be removed from his work and abstain from 
alcohol. 

(2) — Mercury Fulminate 

Mercury fulminate, Hg(O.N:C).^, is handled in explosive factories 
where detonators and percussion caps are made. It is obtained by 
reaction on alcohol of a solution of mercuric nitrate in nitric acid. 
The following workers are exposed to risk: fillers, packers, cleaners, 
cap loaders, pressers, dryers, sievers, mixers, decanters, weighers, and 
inspectors. In one process wet fulminate of mercury is spread out by 
hand on cloths placed on a hot table. One end of the cloth is then 
raised, and the powder tilted to the other end. In a later process the 
fulminate is passed through sieves of horsehair to obtain the li nc powder 
necessary for the caps. The fine dust falls upon the skin and dermatitis 
follows. In one department operatives moisten the material with 
methylated spirit, work it with the fingers, and then press it into moulds. 
, The skin of most of those employed in mixing, drying, filling, and 



S.KEY 1531 ] 


INDUSTRIAL POISONING 


141 


preparing the composition shows characteristic lesions. The suscepti- Clinical 
bility of some individuals is such that they cannot stand it for a day, 
whereas others only suffer in warm weather. As a rule the cases of 
‘fulminate itch’, as they are called in the trade, are slight. Generally the Skin lesions 
uncovered parts of the body are attacked by an erythema accompanied 
by intense itching, swelling, and oedema, particularly on the face, 
eyelids, neck, behind the ears, and on the forearms. Erythematous 
papules break out on the inflamed areas and may become vesicles, 
bullae, and pustules. A pustular folliculitis develops often on the hairy 
parts of the skin. The fulminate may lodge in a crack or abrasion of 
the skin and act as a corrosive, causing small painful necrotic lesions 
on the hands, especially the tips of the fingers, which last about a 
fortnight. The operatives call them ‘powder holes’. If the fulminate 
attacks the knuckles or the roots of the nails ulceration may penetrate 
to the joint and bone. Exceptionally the whole body is affected. 

Recovery takes place in from one to two weeks and is accompanied by 
desquamation. In persons carrying out sieving operations the superficial 
mucous membranes also are irritated. After staying a short time in the 
rooms where these operations are carried out slight pricking of the 
eyes and nose is felt with an inclination to sneeze, and irritation of 
the throat. The conjunctivae may become very inflamed and similar 
inflammation may affect the nose and larynx. The teeth of the majority 
of workers are blackened owing to the formation of mercury sulphide, 
produced by the action of sulphuretted hydrogen evolved in the processes 
of decomposition of food in the absence of careful dental toilet. 

In the manufacture of mercury fulminate meticulous attention should Preventive 
be paid to detail in all matters of cleanliness in the entire plant. The 
gases given off in the preliminary processes should be either condensed 
or removed to the outer air well above the heads of the workers. 
Substitution of machinery for hand labour is impossible on technical 
grounds. In the rooms where the detonators are filled with the composi- 
tion, the fumes given off as the result of the numerous small explosions 
should be removed by means of mechanical ventilation. All persons 
employed should be provided with well fitting overalls, caps, and india- 
rubber gloves, and if necessary respirators. The face and other parts 
of the body should not be rubbed with soiled hands. Washing accom- 
modation should be provided close to the workroom, and a separate 
towel provided for each worker. The hands and arms should be washed 
before meals and before leaving in a 10 per cent aqueous solution of 
sodium thiosulphate. In some factories workpeople coming into contact 
with mercury fulminate are given ointment wherewith to restore softness 
to the skin after washing. Such ointments contain lanolin, and either 
sodium carbonate, balsam of Peru, or phenol. Periodical medical 
examination is important, and in the first instance persons with delicate 
skins and those who have suffered from skin diseases must be rejected. 

Periodical dental examination can achieve a great deal, especially by 
emphasis on the proper hygiene of the mouth. 
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Whenever powder penetrates into the skin through an abrasion or 
cut, the skin must be carcrully washed in a 10 per cent aqueous solution 
of sodium thiosulphate, her the conjunctivitis a 2 per cent solution of 
this substance as an eyewash has been beneficial. 

(3) — Organic Mercury Compounds 

Fungicidal dusts containing organic mercury compounds arc used 
extensively in agriculture. They may burn the skin. The methyl deriva- 
tives of mercury attack the nervous system in a unique way. Methyl 
mercury iodide (CtijlHg) is a typical compound of the series. Seed 
disinfectants containing organic mercury compounds as their fungicidal 
basis arc used extensively in farming to prevent certain smut diseases 
of cereals. For some years mercurial derivatives of the phenyl and 
tolyl series have been manuraclured without any mishap worse than 
an occasional burn on the skin. F'our cases have been studied of 
poisoning by inhalation of methyl mercury compounds (I lunter, Bom- 
ford, and Russell, 1939). Salivation, stomatitis, tremor, and erethism 
were absent but the nervous system was involved in a unicjiie way. 
There was severe generalized ataxy, dysarthria, and a gross constriction 
of the fields of vision, memory and intelligence being unancclcd. In 
severe cases the patients remained crippled, unable to stand or to speak 
intelligibly. Rats and monkeys exposed to the vapour of methyl mercury 
iodide became ataxic. HivStological studies showed myelin degeneration 
in the peripheral nerves and particularly in the posterior roots and 
dorsal columns. 

In the manufacture of organic mercury compounds elaborate pre- 
cautions must be taken to prevent contact with the skin or inhalation. 
The use of gloves and respirators is not enough. The whole process of 
manufacture, including the final packing of the dusts, must be carried 
out mechanically in closed apparatus. The farmer should be protected 
both by warnings that mercurial dressings are poisonous and by 
schemes whereby he can obtain from the seed merchant seed already 
dressed. The seed merchant must dress the seed in a completely closed 
apparatus. 

The ataxy and dysarthria of methyl mercury poisoning must be 
treated by re-educative movements, persuading the patient to walk on 
chalked lines. An expert in charge of a speech clinic with great patience 
and the use of a mirror should teach the patient to speak. With great 
perseverance in some cases the workman may be taught to use knife 
and fork, a pencil, and even a typewriter. 

6.-^SILVER 

1532.] Silver is not poisonous in the ordinary sense of the word. The 
dust of the metal or its salts once absorbed becomes precipitated in the 
tissues in the metallic state and in this form it cannot be eliminated* 
Reduction to the metallic state takes place either by the action of light 
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on the exposed parts of the skin and visible mucous membranes or by 
means of sulphuretted hydrogen in other tissues. 

Occupations involving the risk of argyria can be divided into two Generalized 
groups: (i) including workmen who handle a compound of silver, either localized 
the nitrate, fulminate, or cyanide which, broadly speaking, give rise 
to generalized argyria from inhalation and ingestion of the silver salt 
concerned; (ii) including workmen who handle metallic silver, small 
particles of which accidentally penetrate the exposed skin giving rise 
to local argyria by a process equivalent to tattooing. 

(1) — Generalized Argyria 

Occupations giving rise to generalized argyria include the manufacture Occupations 
of silver nitrate, the wrapping of lunar caustic pencils, Christmas- 
cracker making, the silvering of glass beads, mirror plating, electro- 
plating, and photography. 

Schubert in 1895 reported two cases of generalized argyria occurring Silvering cf 
in glass-bead silverers in Bohemia. Their occupation consisted of 
stringing the beads together, dipping them into a reducing solution 
such as lactose, and then sucking a silver compound into them. A 
small glass tube 3 to 4 cm. long was used for sucking up the silver 
compound, which consisted of a solution of silver nitrate, ammonia, 
and potassium hydroxide. Unless very careful, the workers sucked up 
some of the solution into their mouths, and although they used a 
saline mouth-wash a bitter taste remained. 

The use of silver fulminate in the manufacture of Christmas crackers Christmas- 
involves a risk to the eyes and to the skin. When an operator makes 
by hand the detonators of the crackers, she takes two narrow strips 
of card, already sanded and stuck together, applies powdered silver 
fulminate around the sanded part, and wraps a strip of tissue paper 
round it to afford protection. 

Lewin (1886) mentioned one case of generalized argyria occurring in Manufacture 
a silver nitrate worker in Berlin who for twenty-five years handled 
crystals with bare hands. In 1927 Larsen working in Frankfurt investi- 
gated five silver nitrate workers showing generalized argyria. In this 
cQuntry generalized argyria occurring in the manufacture of silver 
nitrate has practically disappeared. In 1935 Harker and Hunter described 
six cases, five of whom had been occupied in making silver nitrate 
and the sixth worked in a silver nitrate packing room. 

The process causing disfigurement in these men was abolished for 
technical reasons in 1926 and a method substituted which is not only 
less wasteful but also less harmful to the workmen (see p. 144). Formerly 
finely divided silver was dissolved in nitric acid in open dishes of porce- 
lain or platinum standing over gas burners. Each dish held 50 ounces 
of silver and there were as many as thirty of them in one room. The 
dishes were covered by sloping glass hoods connected with pipes leading 
to a shaft. No mechanical exhaust system existed. When the acid was 
poured on to the silver the room was filled with dense fumes. The 
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burners were lit under the dishes, and when the mixture had evaporated 
to a certain specific gravity it was poured into other porcelain pans 
and left overnight. This pouring caused much splashing, against which 
neither leather nor rubber gloves afforded complete protcetion. Next 
day the mother liquors were poured off, leaving the crystals of silver 
nitrate to dry. The crystals were then broken up, washed with distilled 
water, and placed in drying ovens. The door of the oven was opened 
from time to time and the crystals were broken up. This process some- 
times caused silver nitrate to spatter over the faces of the workmen. 
The crystals were then sifted through a line sieve with the result that 
fine particles of silver nitrate were present in the atmosphere for long 
periods. 

Workers affected by generalized argyria arc called by their fellow- 
workers 'blue men’. The fiice, forehead, neck, hands, and forearms 
are of a dark slaty-grey colour, uniform in distribution and varying in 
depth according to the degree of exposure. Pale scars up to about 6 mm. 
across may be found on the face, hands, and forearms, due to the caustic 
effects of silver nitrate. The conjunclivac vary from slight discoloration 
to a deep brown colour, the lower palpebral portion being particularly 
affected. The posterior border of the lower lid, the caruncle, and the 
plica semilunaris are deeply pigmented and may be aimo.st black. The 
finger nails are a deep chooolatc-brown colour. The buccal mucosa 
is slaty-grey or bluish in colour. Very slight pigmentation may be 
detected in the covered parts of the skin. The toe nails may show a 
slight bluish discoloration. 

Workers who silvered glass beads developed fissures around the lips 
and in the mouth generally, and the teeth were stated to become black 
within eight days, gradually to soften, to break to pieces, and to come 
out painlessly within a few years. The tongue showed the earliest sign 
of pigmentation. The first discoloration of the skin began three or four 
years after beginning the work. Christmas-crackcr makers first developed 
conjunctivitis accompanied by pain and laerimation, and secondly a 
permanent pigmentation of the conjunctiva (Bridge). 

At necropsy cases of generalized argyria arising in industry show grey 
pigmentation of the skin, buccal and nasal mucosae, larynx, trachea, 
bronchi, endocardium, intima of large clastic arteries and great veins, 
intermediate zone of kidneys, ureters, bladder, testes, cpididymes, 
mesenteric glands, and choroid plexus. 

It is almost certain that the modern methods used in handling silver 
compounds in industry have abolished generalized argyria. Now that 
glass beads are made and silvered by machinery argyria has disappeared 
from Bohemia (Teleky). Similarly argyria is no longer seen in Christmas- 
cracker makers. 

In the up-to-date manufacture of silver nitrate, silver and concentrated 
nitric acid are mixed in a closed apparatus on the top floor of the 
works. The solution of silver nitrate is passed by pipes to the floor 
below where it is concentrated in an apparatus known as the film steam 
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evaporator which consists of a series of tubes made of stainless steel, 
gazetted with steam, and forming a closed system. Its use has entirely 
replaced the method of evaporation in open dishes which in the past 
so often caused occupational argyria. 

The process of making silver nitrate has not altered since the begin- 
ning of the 19th century; as a result of the increase of the photographic 
industry, however, the work done by the packers has been doubled 
since 1918. In the weighing and packing room crystalline silver nitrate 
is made into packets which may contain from 15 to 600 ounces. When 
the workman shoots the material into bags from a folded, piece of 
paper like a grocer weighing sugar he creates a dust which loads the 
atmosphere continuously with finely divided particles of silver nitrate, 

(2) — ^Localized Argyria 

In localized argyria the workman handles metalUc silver, small 
particles of which accidentally penetrate the exposed skin surface 
giving rise to small pigmented lesions by a process equivalent to 
tattooing. The occupations responsible are the filing, drilling, hammer- Occupations 
ing, turning, engraving, polishing, forging, soldering, and smelting of 
silver. 

The left hand is more affected than the right and the pigmentation Clinical 
occurs at the site of injuries from instruments. Many of these, such as 
engraving tools, files, chisels, and drills, are sharp or pointed and are 
liable to produce skin wounds. The piercing saw, an instrument 
resembling a fret saw, may break and run into the worker’s hand. If 
the file slips the worker may injure his hand on the silver article on 
which he is working; this is especially the case with the prongs of forks. 

A man drawing silver wire through a hole in a silver draw-plate gets 
splinters of silver in his fingers. The pigmented points vary from tiny 
specks to areas 2 mm. in diameter or more. They may be linear or 
rounded and in varying shades of grey or blue. 

The use of gloves is usually impracticable. The tattoo marks remain Treatment 
for life and cannot be removed. 

7.-MANGANESE 

1533.] Manganese is obtained mainly from pyrolusite (manganese Uses of 
peroxide) of which the ores contain 30 to 90 per cent. The metal is 
little used except in the preparation of manganese steel. The dioxide is 
the starting point in the manufacture of all manganese preparations. 

It is much used in the manufacture of dry batteries and in the pottery, 
soap, and colour industries. 

In 1837 Couper described two severe cases of poisoning in men 
employed in grinding manganese peroxide in the manufacture of 
bleaching powder. These men had spastic weakness of the lower limbs 
with an unsteady gait. The arms were less affected, and there were 
no tremors. This early observation was overlooked, and in 1901 von 
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Jaksch described three cases resembling disseminated sclerosis in men 
employed in drying manganese dioxide. In 1919 Edsall, Wilbur, and 
Drinker published an article on manganese poisoning resulting from 
inhalation of manganese dust in a separating mill. The iirst cases 
recognized in England were reported by Charles in 1922. The men had 
been exposed to the dusts of manganese ores from nine months to 
three years and had been incapacitated for work from three to five 
years. 

Cases have been seen from the inhalation of excessive amounts of 
dust in the grinding, sieving, and packing of manganese ores and in the 
manufacture of manganese steel in which the manganese is first fused 
in an electric furnace. XJp to 1935 no case had been recognized in the 
British Isles in the manufacture of dry batteries (Bridge). 

The symptoms and signs include languor and sleepiness, low mono- 
tonous voice, mask-like facies, involuntary movements varying in 
degree from a fine tremor of the hands to gross rhythmical movements 
of the arms, legs, trunk, and head, cramps in the calves, rctropulsion 
and propulsion, unsteady gait, and occasionally uncontrollable laughter 
or crying. There is no disability except in the nervous system and 
although men seriously poisoned are lifelong cripples the condition 
is not lethal. Susceptible individuals arc few. All three of the cases 
reported by Charles had a history of increasing loss of strength and 
showed a spastic paralysis of the lower limbs, immobility of the face, 
and monotonous speech. The men were all alive at the time of writing 
but were all completely disabled by the spastic paralysis. Charles 
agreed with others as to the similarity between this form of poisoning 
and progressive lenticular degeneration, except that in manganese 
poisoning the condition remains stationary or improves when exposure 
to manganese dusts ceases. 

Histological studies on necropsy material have shown degenerative 
lesions of the nerve-cells, particularly in the globus pal lid us, the 
lenticular nucleus, and the cordate nucleus. The fact that lesions have 
been found in the liver makes still closer the connexion between 
poisoning by manganese and progressive lenticular degeneration. 

In 1924 Mella produced manganese poisoning experimentally in four 
monkeys by administering every day Ibr a period of eighteen months 
manganese chloride by intraperitoncal injection. The animals developed 
choreic movements, passed into a stale of rigidity, and linally developed 
tremor resembling paralysis agitans. Gross morbid changes were found 
in three animals in the lenticular nucleus and the liver. These experi- 
ments afford an explanation of the symptoms in most of the cases 
described. The extrapyramidal motor system is clearly picked out by 
the poison, hence the rigidity, difficult gait, rctropulsion, propulsion, 
mask-like facies, sleepiness, tremor, and uncontrollable laughter. 
Manganese poisoning can be prevented by wearing respirators wher- 
ever dusts ox vapours are encountered. Personal hygiene is important 
and the worker must wear protective clothing and gloves, since the 
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occurrence of skin absorption is established. Local exhaust-ventilation 
should be applied both at the furnaces to remove fumes and at the 
packing and sieving apparatus to remove dust. These measures are 
attended with good results, for it has been found that when they were 
applied in one particular factory they removed all risk of poisoning 
encountered by the workers over a period of five or six years. 


8.-TOXIC GASES 

1534.] The effects of toxic gases are best classified on a physiological Physiological 
basis. They include simple asphyxiants, chemical asphyxiants, irritant 
gases, and inorganic and organo-metalUc gases. The irritant gases 
are potent poisons, and since they are irrespirable workmen exposed 
to them fly for their lives so that fatalities are rare. Gases such 
as carbon monoxide and arseniuretted hydrogen are non-irritant, 
tasteless, odourless compounds and victims exposed to them may be 
overcome without even suspecting danger. Although intrinsically one 
gaseous poison may be more toxic than another, a greater rate of 
volatility may make the less poisonous one the more dangerous. 

Marvellous rescues are often made by workmen, foremen, and managers, 
but courage is not enough unless combined with skill, training, and 
practice. 

Workshops must be adequately ventilated. No person should be Prophylaxis 
allowed to work single-handed in a place where exposure is anticipated. 

In certain circumstances the worker must wear an apparatus consisting 
of an oro-nasal mask connected to a hose led out to uncontaminated 
air (see Fig. 5). Life-belts should be provided for rescue purposes, and 
a reviving apparatus consisting of a cylinder containing a mixture of 
93 per cent oxygen and 7 per cent carbon dioxide with the necessary 
valves, tubing, flexible bag, and mask. This apparatus should be in 
charge of not less than three persons, adequately instructed in its use. 

At least once a month the equipment, especially the rubber parts, 
should be examined by them, and the workmen should be practised 
in rescue drill, including artificial respiration and the use of the appli- 
ances provided. It cannot be too strongly insisted that respirators 
designed to protect the wearer against inhalation of dust are of no 
avail as a protection against toxic gases. Reliance on a folded handker- 
chief has cost many a rescuer his life. The Schafer method of artificial 
respiration has gradually superseded all others; the technique is 
described in Vol. lY, p. 238. 

The treatment of victims overcome by the different gases described 
will vary somewhat with the gas. No mistake will be made if the victim 
is removed immediately from the source of poisoning and kept quiet 
and warm. The first and immediate consideration is the restoration of 
breathing, and the oxygen-carbon dioxide mixture must be administered 
whenever respiratory diflhculty is apparent. Those responsible for rescue 
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work must be especially warned of the danger of exposing gassed 
persons to cold and of walking them up and down. They must realize 
that rest and warmth are essential in treatment and that the patient 
must be wrapped in dry blankets and provided with hot-water bottles. 
It is particularly important to keep the victim quiet if the offending 



Fig. 5.— Breathing apparatus for use in irrcspirublc atmospheres; it consists of 
an oro-nasal mask connected to a hose, the free end of which is led out into 
uncontaminated air 

gas is one of the irritant group, c.g. nitrous fumes, chlorine, and 
phosgene, until it is certain that pneumonia is not going to follow the 
exposure. 

(1) — Simple Asphyxiants: Carbon Dioxide 

Gases like carbon dioxide and nitrogen cause death from simple 
asphyxia through deprivation of oxygen. Carbon dioxide (carbonic 
acid gas, CO2) is a colourless and inodorous gas which is present in 
small quantities in outside air but in very large quantities in certain 
gaseous emanations from volcanoes and in grottoes. It is produced in 
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industry by decomposing the natural carbonates by means of acids. Production 
by calcining stone to lime, by burning coke, charcoal, or heavy hydro- 
carbons, and by the fermentation of sugar. Liquid carbonic acid is sold 
in cylinders, and solidified carbon dioxide in the form of a white mass 
like snow is readily obtained by rapid evaporation of the liquid. Carbon Industrial 
dioxide is used in the manufacture of alkaline salts, beer, effervescing 
drinks, sugar, white lead, and chemical manures; for sterilizing organic 
liquors; as a fire extinguisher; to produce cold industrially; to pre- 
serve perishable products, such as milk, eggs, butter, and raisins; to 
make freezing mixtures; in histological and medical work; and in the 
chemical and rubber industries. Danger of exposure to carbon dioxide Industrial 
mainly occurs in mines, tunnels, and caissons, in fermenting vats in 
breweries, in mineral-water factories, wells, tanks, ships’ holds, coke 
ovens, boilers, and agricultural silos, and at lime kilns. It is often found 
mixed with more poisonous gases, for example in sewer gas, lighting 
gas, industrial gases, products of combustion, explosives, and acetylene 
gas. Under these conditions it may be carbon monoxide or sulphuretted 
hydrogen, rather than carbon dioxide, which constitutes the main danger. 

The permissible maximum of carbon dioxide in domestic premises is Clinical 
one part by volume to one thousand parts of air. A proportion of 1 to 3 
parts per cent of air is considered as directly harmful, though 2 per 
cent, which was common long ago in the fermenting vats in breweries, 
did not produce acute symptoms in the workmen employed there. A 
proportion of 3 per cent suffices to induce dyspnoea with slight head- 
ache; if the proportion is from 5 to 6 per cent the dyspnoea is pro- 
nounced and accompanied by headache and sweating; a proportion of 
10 per cent for a minute only sets up headache, visual disturbances, 
tinnitus, tremor, and loss of consciousness. The victim of carbon dioxide Symptomatic 
poisoning rapidly becomes unable to stand and passes into coma. He 
must be kept warm and treated by administration of a mixture of 93 
per cent oxygen and 7 per cent carbon dioxide. 

Generally the mere lowering of a lighted candle into fermenting Prevention 
vats prior to cleaning or into wells and ships’ holds would suffice as a 
precaution, extinction of the light indicating an irrespirable atmosphere. 

All such operations could be rendered safe by wearing a breathing 
apparatus consisting of an oro-nasal mask with tube connexion to the 
outside atmosphere. 

(2) — Chemical Asphyxiants 

Carbon monoxide, sulphuretted hydrogen, and hydrocyanic acid gas 
act chemically. They have a specific and prompt asphyxiant action and 
are classified as chemical asphyxiants and not as simple asphyxiants, 

(a) Carbon Monoxide 

Water gas, power gas, producer gas, and blast-furnace gas may 
contain as much as 25 per cent of carbon monoxide (CO). This figure 
is of great importance since air containing more than one part per 
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thousand entails danger to life. In recent years there has been a great 
increase in the manufacture and use of these gases for driving gas 
engines, heating furnaces and boilers, and welding and soldering. 
Accidents occur amongst workmen on blast furnaces and amongst 
persons charging, cleaning, and repairing generating plants. Countless 
other occupations also involve a risk, and even persons working in 
offices may be poisoned by unsuspected escapes from underground flues. 

Clinical The initial symptoms include giddiness, a sense of oppression in 

picture chest, and loss of power in the lower limbs, the patient falling 

Precautions to the ground unconscious. Strict preventive measures must be applied, 
regulating structural conditions in such a way as to obviate unneces- 
sary risk. A competent person should be made responsible for 
inspecting the plant concerned at stated short intervals. He should 
see there is no leakage and should be made to keep a signed and dated 
record of such inspection. Mo person should be allowed to work single- 
handed in a place where exposure is to be anticipated and all the 
precautionary measures enumerated on page 147 observed. 

Treatment Warmth is essential in treatment. The patient should be wrapped in 
dry blankets and provided with hot-water bottles. Rest is absolutely 
necessary. The first and immediate consideration is the restoration of 
breathing, and the second the promotion of warmth and circulation. 
The use of the oxygen-carbon dioxide mixture is of great value. Hender- 
son and Haggard (1922) showed that the blood of a man gassed with 
carbon monoxide up to 35 per cent and to a 50 per cent haemoglobin 
saturation could be brought down to 15 per cent saturation in thirty 
minutes when the patient inhaled the oxygen-carbon dioxide mixture. 
The same men, gassed to comparable saturations, were relieved very 
slowly when oxygen alone was inhaled. 

After-effects After-effects are headache, cough, depression, and prostration. A 
simple test can he employed to prove the presence of carbon monoxide 
in the blood. A greatly diluted solution of the suspected sample is 
compared with that of normal blood similarly diluted. The latter is 
yellow whereas blood containing even very small traces of carboxy- 
haemoglobin is pink. When the proportion of carbon monoxide in the 
blood is more than 40 per cent of saturation spectroscopic examina- 
tion affords a confirmatory test (sec Vol. 11, Plate VI, facing p. 499). 

{h) Sulphuretted Hydrogen 

Sulphuretted hydrogen (hydrogen sulphide, EjS) is a colourless gas 
with a nauseating smell Poisoning may occur when it is present to the 
extent of one part per thousand of the air breathed but some individuals 
are susceptible to as little as one part per 10,000. 

Hydrogen sulphide is given off in many industrial operations, the 
chief of which are: the spinning of artificial silk manufactured by the 
viscose process; the cleaning out of stills in tar works; the manufacture 
of ammonium sulphate and. sodium sulphide; and work in sewers, 
sugar manufacture, tan-yards, and brewing. 
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Inhalation of a large dose causes almost instantaneous death, the Clinical 
patient falling dead often without a sound as if struck with a blow. 

In such cases the poison acts directly on the central nervous system. 

Hydrogen sulphide does not unite with haemoglobin but forms an 
alkaline sulphide in the plasma. Inhalation of small doses causes head- 
ache, nausea, depression, and conjunctivitis with lacrimation. 

In treatment artificial respiration should be combined with administra- Treatment 
tion of a mixture containing 93 per cent oxygen and 7 per cent carbon 
dioxide. In prevention strict requirements should be laid down in the 
case of men entering apparatus such as a tar still where there is reason 
to fear the presence of the gas. A responsible person should see that 
workmen, and if need be the rescuers, wear a life-belt with the free end 
of the rope in charge of two men outside whose sole duty it is to keep 
watch and to draw out the wearer if he appears to be affected by the gas. 

(c) Hydrocyanic Acid 

Hydrocyanic acid (HCN) is obtained from the cyanogen compounds 
contained in illuminating gas. Where it is manufactured and handled 
precautions should be taken against its escape. This applies also to 
chemical laboratories. Some danger occurs in the following procedures: Occupations 
incomplete combustion of organic nitrogen compounds, exposure of ^ 
cyanides to the air, decomposition of metallic cyanides, gilding and 
silvering of lace work, stamping of fabrics by means of Prussian blue, 
manufacture of sulphocyanide and fulminate of mercury, preparation 
of oxalic acid by treating wood ashes with nitric acid, extraction of 
phosphoric acid from bones, electro-plating, and the manufacture of 
soda by the Leblanc process. In view of the wide-spread use of hydro- 
cyanic acid for the fumigation of ships and houses, strict regulations 
must be enforced in handling it. Permission to enter places which have 
been fumigated should depend essentially on the ventilation that can 
be secured (see p. 85). For clinical picture and treatment of poisoning 
see page 87. 

(3) — ^Irritant Gases 

Nitrous fumes, chlorine, phosgene, fluorine, hydrofluoric acid, sulphur 
dioxide, and ammonia all belong to this group. Some of them are 
very soluble in water and in the body fluids whereas others, such as 
chlorine, are less soluble. All of them are irrespirable in any but very 
low concentrations and many cause immediate irritation resulting in 
coughing and sneezing. The soluble gases, such as ammonia, cause 
an immediate oedema in the upper respiratory passages whereas the 
insoluble gases, such as chlorine and phosgene, are more likely to 
produce a dangerous oedema of the lung which may not be apparent 
for some twelve to thirty-six hours after exposure. 

(a) Nitrous Fumes 

Nitrous oxide (NjO), the anaesthetic, is not poisonous though in the Nitrous 
absence of oxygen or when oxygen is present in inadequate proportions 
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TOXICOLOGY 

it acts as a simple asphyxiant. Nitric oxide (NO) is oxidized in contact 
with air to nitrogen peroxide (NO.j and N^O^) forming the well known 
orange-yellow or reddish-brown fumes, so-called nitrous fumes. The.se 
are given off from fuming nitric acid and arc formed when the acid 
acts on organic substances or metals. They are exceedingly dangerous 
if inhaled in more than minimal quantities. This difference in action 
between the different oxides is due to the fact that nitrous oxide is 
inert in contact with the respiratory tract whereas nitrous fumes in 
contact with moisture form nitric and nitrous acids, which are severe 
irritants. 

Since nitrous fumes can be breathed with only slight inconvenience 
in concentrations which will cause a fatal oedema of the lungs after 
an exposure of half to one hour, and since the least concentration of 
the gas which wilt provoke coughing is very little less, the margin of 
safety between appreciation of the risk and exposure to real danger 
is very small. Moreover, the initial irritation soon passes off and the 
worker feels well and is in no apprehension that he may be in a critical 
condition in a few hours. The gas therefore has most treacherous and 
insidious qualities, and but for the distinctive colour of the fumes and 
education of the worker more fatalities would occur. 

The effects of nitrous fumes on the lungs arc very similar to those of 
phosgene (see p. 1 55 ), which forms hydrochloric acid in the presence 
of moisture. Both gases affect primarily the more delicate structures 
of the lower respiratory tract, in particular the alveoli. Nitrates and 
nitrites are formed by neutralization of the respective acids by the 
local alkaline secretions and are absorbed. The nitrites so formed 
cause some systemic effects but these arc overshadowed in severe 
cases by the intense local reaction. This consists of an acute inflainma- 
tory extravasation of fluid into the alveoli. The amount of fluid deter- 
mines the severity of the case, since from the first it interferes with 
oxygen absorption to an increasing extent and, as it progresses, with 
carbon dioxide elimination also. Thus in the early stage there is anox- 
aemia with little increase in the carbon dioxide content of the blood, 
causing pallor with little cyanosis or respiratory embarrassment. This 
state of semi-asphyxia with few signs and symptoms is acutely dangerous 
and explains the sudden deaths following trilling exertion which occur 
in this stage. As the oedema develops, retention of carbon dioxide 
causes intense cyanosis and air hunger, followed by grey cyanosis as 
the heart fails. 

Most cases of industrial poisoning occur in the manufacture of nitric 
and sulphuric acids and of explosives and other nitro-compounds and 
various nitrates, in the dipping of brass and copper articles in nitric 
acid, and from the breaking or upsetting of carboys of nitric acid. 
Great volumes of nitrous fumes are also liberated by the slow burning 
or incomplete detonation of nitro-explosives such as cordite, and in 
.the combustion of other nitrated bodies, for example celluloid. In 
such circumstances a large number of people may be affected at one 
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time, as happened in Cleveland, Ohio, U.S.A., in 1929, when over 
a hundred fatalities occurred after the burning of a hospital store 
containing a large quantity of radiographic films. Nitrous fumes are 
often evolved in electric welding, and when this is carried out in 
confined spaces fatal poisoning has resulted. Similarly in the manu- 
facture of bone meal the use of impure sulphuric acid containing a 
proportion of nitric acid may have the same effect. 

Reduction in the ventilation by closing doors and windows, or 
overcrowding a work-room with additional plant, may so raise the 
concentration of fumes as to extinguish a small safety margin. Thus 
an electrolytic metal-stripping process using weak nitric acid was 
worked for eight or nine years without accident; during the last two 
years the number of vats in the room had been increased from six to 
twelve. The addition of a thirteenth vat resulted in three cases of 
gassing during the first morning’s work. 

Sawdust, wood shavings, or other organic material should not be 
scattered over spilt nitric acid as they increase the evolution of fumes 
and take fire. 

The initial symptoms — ^irritation of the eyes and throat, cough, MM 
tightness of the chest, and nausea — are slight and may pass unnoticed, 
especially if the concentration of the gas is low. Although a low 
concentration will probably be perceived on coming from outside, 
that appreciation is soon dulled, and symptoms may not become 
obtrusive until after some hours in the dangerous atmosphere. 

Usually, however, the presence of the gas has been noted though 
little attention may have been paid to it at the time. This is an important 
diagnostic point for the practitioner called in later to the unconscious 
patient, for the patient may have mentioned the fact to a relative earlier, 
not because he was feeling really ill but rather because of weariness and 
a disinclination for any exertion, using it merely as an excuse for resting 
at home. 

The initial symptoms generally disappear on cessation of exposure LMtent period 
and a latent period ensues, during which the patient may even return 
to work. This latent period varies from two to twenty hours; not 
uncommonly a man finishes his day’s work and is at home for some time 
before acute signs become manifest. 

At the end of the latent period signs appear. Their onset may be Onset 
sudden and precipitated by exertion. Cough, a feeling of constriction 
in the chest, and difficulty in breathing occur. As the oedema progresses, 
so do the symptoms; the cyanosis becomes intense, the air hunger is 
most distressing, and much blood-stained fluid is coughed up. Uncon- 
sciousness usually supervenes, although it may be long in appearing, 
and then the outlook seems hopeless. So long, however, as there are 
no signs of failure of the circulation with a thin soft irregular pulse 
and the cyanosis taking on a leaden hue, these patients tend to recover, 
for the oedema begins to recede on the second day and thereafter is 
absorbed rapidly. 
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Some victims become delirious; the Iciirpcrature may be raised two 
or three degrees, and a general flaccid paralysis may occur. In some 
the picture when first seen may be that of pallor with a rapid feeble 
pulse and a tendency to collapse but without cyanosis or breathlessness. 
Some of the milder cases may exhibit a picture of acute bronchitis 
with severe cyanosis, and others nausea, abdominal pain, and vomiting. 
The earlier a diagnosis is made and appropriate treatment started, 
the better the chances of recovery, and, since absolute rest is essential, 
a protracted examination must be avoided. 

Patients may arrive in hospital simulating other diseases, such as 
pneumonia, acute bronchitis, or cerebral haemorrhage, but if a history 
can be obtained it is often so characteristic that a diagnosis can be 
made on that alone. Usually there ha.s been some reference to gas or 
fumes about the work-room which did not trouble the patient much, 
then the latent period of some hours, followed by the onset and pro- 
gressive development of the illness. 

Measures must be taken to prevent the escape of fumes and to remove 
them as nearly as possible at the point of origin by localized exhaust 
ventilation. Danger must he reduced to a minimum by special elforts 
to remove fumes before repairs to dangerous plant arc attempted. 
Approved types of breathing apparatus must be provided and main- 
tained for use when fumes arc noted or apprehended. 

When any reddish fumes can be seen, smelt, or appreciated by the 
conjunctiva or throat there is serious and imminent danger. All workers, 
except those properly protected, should be removed from the dangerous 
area immediately. Spilt nitric acid should be hosed away with large 
quantities of water by men protected by ctlicicnt breathing apparatus. 
In patients seen soon after exposure it may be diflicult to decide how 
much risk has been run. In such cases the patients, in spite of protesta- 
tions that they arc now better and able to carry on, should be kept 
under observation and at rest for twenty-four hours. Other persons 
with or without symptoms known to have been seriously exposed should 
he removed to hospital lying Hat. Absolute rest is essential; oxygen 
should be administered as early as possible and continuously, except 
for the last five minutes in each half-hour, when it may be stopped to 
observe whether or not the improvement is maintained. If not, the 
administration should be re-started at once and the routine continued 
until no adverse effect is noted on temporary cessation. Administration 
should be by means of a Haldane mask, by nasal catheter, or by other 
means which will ensure maximal efficiency. The rate of flow should 
be 3 to 10 litres per minute, the necessary amount being judged by the 
effect produced. Venesection of patients with purple cyanosis and a 
full pulse may give much relief to an overloaded right heart but is 
contra-indicated in patients with pallor or grey leaden cyanosis, thin 
pulse, and pulse-rate over 100. Rest, oxygen early and continuously, 
and venesection when indicated are the three essentials. 
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{b) Chlorine 

Poisoning by chlorine (Cl) may occur in the manufacture of alkali 
and bleaching powder, in the bleaching of flour, in dye works and 
paper mills, and in the breaking up of cylinders supposed to be empty. 

Chlorine in the air breathed to an extent of only one part per 100,000 
is highly injurious to man. Fatalities in industry are rare, because the 
fact that the gas is irrespirable is so well known that at a big escape the 
workers fly for their lives. In prevention, cylinders, when used, should Precautions 
be fixed outside the work-room. Effective ventilation is required, and 
the men in charge of the plant should be trained in the use of respirators. 

For clinical picture and treatment see Vol. V, p. 518. 

(c) Phosgene 

Phosgene (carbonyl chloride, COCI 2 ) has been specially studied in 
connexion with chemical warfare. From two factories in which it was 
manufactured twenty-seven cases of poisoning were reported in 1917 
and sixty-nine in 1918, mainly in workers engaged in repair work. 

Large quantities of phosgene are used in the manufacture of aniline Industrial 
dyes derived from diphenylmethane. It is also used in chemical industry 
for transforming into chlorides certain mineral oxides for obtaining 
anhydrous oxides of certain acids. It is used for preparing numerous 
other products, such as arsenic trichloride, benzoic acid, and salol. 

Cases of poisoning occasionally occur in chemical works as a result of 
accidental leakage. 

In industrial establishments where it is prepared or handled measures Precautions 
must be taken to prevent the escape of phosgene from closed apparatus 
and from piping. Exhaust plant must be installed for the withdrawal of 
fumes at their point of origin, and adequate ventilation is essential. 

For emergency use gas-masks connected through a hose to a supply 
of compressed air should be installed. Such a hose must be flexible, 
impervious to oil and petrol, long enough to reach all points of potential 
danger, and strong enough to be used as a life line if necessary. Frequent 
change of working clothes -is indispensable, since phosgene readily 
becomes fixed in materials. The skin should be frequently washed, and 
the mouth rinsed with an alkaline mouth-wash in order to prevent 
traces of phosgene dissolved in the saliva from causing irritation of the 
stomach. 

For clinical picture and treatment of poisoning see Yol. V, p. 519. 

(d) Fluorine and its Compounds 

Fluorine (F), hydrofluoric acid (HF), fluorides, and organic fluorine Industrial 
compounds all find a use in industry, mainly for etching glass and in 
the manufacture of artificial fertilizers and refrigerants. 

In the middle of the 19th century many chemists attempted the History of 
isolation of fluorine from hydrofluoric acid and more than one paid tZestigators 
with his life for handling too often one of the most dangerous of 
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known chemical substances. The danger arises from the volatility and 
extremely corrosive nature of the vapour of the anhydrous acid. 

Tt is said that G. Knox during his early experiments on the electrolysis 
of hydrofluoric acid lost permanently the use of his voice and that 
T. Knox nearly died of its effects (Louyet). Humphry Davy wrote that 
he had suffered much from the dangerous effects of hydrofluoric acid 
and it is said that he abandoned his attempts to isolate fluorine because 
of the risk involved. Louyet, who continued the researches of the Knox 
brothers, described how his own health dcterioiated from using the 
acid, and how it caused him to suffer from cough and haemoptysis. 
According to Debray the death of Louyet resulted from his work, but 
no medical details are available. In 1869 Nicklds died from the effects 
of accidentally inhaling the vapour of concentrated hydrofluoric acid 
(Gore). In spite of these deaths the search for the Iburlh halogen 
went forward. In 1886 Moissan isolated the element fluorine during 
the electrolysis of a solution of potassium fluoride in anhydrous 
hydrofluoric acid, in an apparatus made wholly of platinum. In this 
way was solved one of the most difficult chemical problems of modern 
times. 

Fluorine and hydrofluoric acid 

Fluorine is a greenish-yellow gas with a very irritating smell. It is 
obtained by treating calcium fluoride with sulphuric acid. From the 
hygienic point of view it does not often play a direct part because in 
the atmosphere it becomes converted into hydrofluoric acid. The most 
characteristic property of hydrofluoric acid is that of dissolving and 
attacking glass, acting energetically on silicon with which it forms 
silicon fluoride (SiFJ. In industries using processes which give off 
fluorine the atmosphere contains fluorine, hydrofluoric acid, and 
silicon fluoride. Hydrofluoric acid is conveyed in barrels, tarred inside, 
or else in metal receptacles with a leaden bung. Lead or gutta-percha 
bottles are used for small quantities. 

Compounds of fluorine have recently been increasing in importance 
in industry. Hydrofluoric acid is used for clouding electric-light bulbs, 
etching glass, pickling metal and wire, and cleaning sandstone and 
marble. The fluorides enter into the composition of artificial fertilizers, 
insecticides, and fumigants used in agriculture. Feil recently emphasized 
the danger of poisoning from hydrofluoric acid in the manufficturc of 
aluminium by the electrolysis of cryolite. Hydrofluoric acid is evolved 
with hydrofluosilicic acid (HaSiF,,) in the superphosphate industry, 
and also in the production of phosphorus by treating bones with 
sulphuric acid and in the production of hydrogen peroxide. 

Owing to their corrosive properties fluorine, hydrofluoric acid, and 
fluosilicic acid must he handled with every precaution. The worst 
danger arises from the volatility and extremely corrosive nature of the 
vapour of anhydrous hydrofluoric acid. The fluorides and fluosilicates 
have a toxicity corresponding with their fluorine content. 
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Hydrofluoric acid, even when highly diluted with air, causes an clinical 
intolerable burning and pricking sensation in the nose, mouth, and 
eyes. The local caustic action of fluorine is different on the dry skin 
and on the moist mucosae because in the presence of water fluorine 
immediately forms hydrofluoric acid. Both substances if inhaled attack 
the larynx and the trachea, giving rise to burning pain behind the 
sternum, cough, expectoration, and even haemoptysis. The ultimate 
result is slow ulceration of the gums, nasal mucosa, larynx, bronchi, 
and conjunctivae. When strong concentrations of hydrofluoric acid 
act on the skin a vesicular dermatitis follows. There may be necroses 
and ulcers which become indurated and take a very long time to heal. 

Unless handled with extreme care it may get under the finger nails 
causing great pain, and if a drop comes in contact with this part of the 
skin prolonged and painful ulceration is produced. 

Cristiani emphasized the possibility of ingestion as a channel of 
absorption, because fluorine when inhaled adheres to the mucous 
membranes of the upper respiratory passages. It is then either eliminated 
or swallowed. When exposure takes place over long periods of time 
to an atmosphere slightly charged with the vapours of fluorine and 
hydrofluoric acid it is unlikely that chronic poisoning would occur. 

Absorption in man of fractions of a gram of fluorine can give rise 
to nausea and vomiting, abdominal pain, salivation, pruritus, and 
diarrhoea. With more than one gram these symptoms increase in 
severity and death supervenes from respiratory paralysis. 

Locally applied exhaust ventilation should be used to remove the Preventive 
gases as near to their point of origin as possible. Mechanical methods 
should be substituted for hand labour wherever this is practicable. 

Otherwise contact with the dangerous substances should as far as 
possible be avoided by the use of tools, wearing gloves, and the 
apphcation to the skin of lanolin. Baths of hydrofluoric acid for glass 
etching should be hooded and arrangements made for efiBcient ventila- 
tion. In the superphosphate industry precautions must be taken for 
the withdrawal of gases and fumes from vats, and special care must 
be taken when these have to be entered. Rules must be enforced as 
to the wearing of goggles, respirators, gloves, overalls, and protective 
footwear. Workers must be instructed about the dangerous properties 
of the gases to which they are liable to be exposed and the precautions 
to be taken to prevent their escape into the workshop. Pamphlets and 
posters giving a brief account of the toxic properties of the gases 
should be posted up and distributed. 

Any person injured by contact with concentrated hydrofluoric acid Symptomatic 
should be removed quickly and first aid administered. Immediate 
treatment is of the first importance. The acid must be diluted with 
water, either by immersion or by the use of a hose. Compresses of a 
dilute solution of ammonium acetate should be applied to the part 
affected for ten minutes. It should then be dried gently with cotton-wool 
and the surface covered with aseptic dressings. When the eye is affected 
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it should be douched with water, holding the eyelid well back. The 
person who is burned should not be allowed to move the alTected part. 
In the case of the arm a sling should be applied; if the legs are burned 
a stretcher should be used. When the mouth is airccied it should be 
washed with an alkaline solution and oil applied over the surface. If 
the acid has penetrated under the nails solution of ammonium acetate 
should be applied, although its use is painful. 

Sodium aluminium fluoride 

Cryolite (AlF;j;.3NaF) is a rare mineral found in workable quantities 
only in Greenland. It is a double fluoride of sodium and aluminium 
containing as much as 54 per cent of fluorine. In the crude state it is 
mixed with a considerable amount of quartz. In the vicinity of Copen- 
hagen cryolite is crushed and refined for use in the manufacture of 
aluminium. After the various accompanying minerals arc removed the 
cryolite itself is ground down to a suitable fineness. Rough crushing 
is done by means of hammers, finer crushing under rollers. Conveyance 
between departments is carried out partly by mechanical devices, such 
as worm-conveyors, bucket elevators, and chain transporters. Cryolite 
is a relatively soft material and, since it is handled dry, every mechanical 
influence readily causes dust. Crushing, grinding, grading, drying, and 
all handling of fine-grained material produce dust. The conveyance of 
dry material throughout the factory buildings results in the dust hazard 
being communicated more or less to all work-rooms and thereby to all 
workers in the factory (Roholm, 1937). 

Mieiller and Gudjonsson. examined seventy-eight employees, all of 
whom had been working in a cryolite factory for more than two years. 
They complained of loss of appetite, nausea, shortness of breath, pain 
and stiffness in the back, vomiting, cough, and tiredness. On physical 
examination the following four distinct lesions were found. 
Pneumoconiosis was present in various stages in half the subjects 
examined, the diagnosis being based on radiographs of the chest The 
conclusion that the disease of the lungs was due to the quartz-laden dust 
in the factory is unavoidable. 

Fluorosis occurs in bones and ligaments. As the radiographic in- 
vestigations of the lung condition proceeded, it was found that the 
shadows of the ribs, clavicles, and cervical vertebrae showed unusual 
density and abnormalities in the bone pattern. In thirty of the seventy- 
eight patients obvious changes of varying degree and extent were 
found. In typical radiographs the osseous pattern of the vertebrae 
is completely effaced and ‘replaced by dense opaque shadows. In a 
few places the original bone structure shows though the remaining 
trabeculae are thick, dense, and indistinct. The transverse processes 
are covered by excrescences which represent calcification in ligaments. 
Around the intervertebral and costovertebral articulations are calcified 
shadows resembling osteophytes. The ligaments on the lateral aspects 
of the vertebral bodies are calcified and show actual bridges between 
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the vertebrae. The posterior ends of the ribs are covered by excrescences 
due to calcification of the attachments of the intercostal muscles. The 
shadows of the ribs show uniform increase of density, the structure of 
the bone being destroyed in such a way that the outline of cortex and 
spongiosa completely disappears. There is a pronounced calcification 
of the costal cartilages, but the articular cartilages are not affected. 

In the pelvis the pattern of the spongiosa is completely obliterated by 
dense opaque shadows resembling those seen in osteoplastic carcino- 
matosis. Along the periphery of the pelvic bones are blunt excrescences 
corresponding to calcified muscular attachments; the ischiosacral liga- 
ments and the attachments of the adductor muscles are calcified. Such 
changes in the bones, ligaments, and muscular attachments are probably 
due to the deposition of calcium fluoride. 

A complete examination of the blood was made on all those workers Anaemia 
in whom changes in the bones had been found. In fourteen of the 
fifty subjects examined there was a fall in the number of the red cells. 

The average figures were: red blood-cells 3,700,000 per c.mm., haemo- 
globin 77 per cent, colour index 1-02. No primitive red cells nor 
basophil stippling was discovered. The white-cell count was normal. 

The general health of the workers was apparently unaffected by the 
anaemia. 

Nausea, loss of appetite, and vomiting occurred in forty-two of the Gastric 
workers examined. These symptoms are supposedly due to slight 
corrosion of the mucous membrane of the stomach by hydrofluoric 
acid liberated from the swallowed dusts of cryolite. They come on 
acutely shortly after the dusty work is begun. Thus one of the principal 
managers of the industry, who only visited the factory occasionally, 
stated that if he stayed more than ten minutes in one of the places 
where the dust was particularly thick, he was obliged to get out into the 
open air in order not to be seized with vomiting. All symptoms disappear 
as soon as the patient gets out into the open air, and after working 
hours no feeling of discomfort remains. 

Wherever possible manual labour with shovel and wheelbarrow should Preventive 
be replaced by mechanical conveyance through closed pipes or chutes, 

The grinding processes must be carried out in enclosed apparatus under 
exhaust ventilation; drying stoves and grading plants must be fitted 
with dust filters or suction ventilators. Masks should be supphed to the 
workers, and regular shifts introduced in all the dusty processes. Packing 
into bags by means of shovels should be forbidden and replaced by 
automatic dust-free packing machines. Separate dust-free dining-rooms 
and dressing-rooms should be built and proper facilities for washing 
provided. 

In Great Britain so far workers in fluorspar (calcium fluoride), enamel, 
and glass have been found free from fluorosis of the bones in cases in 
which radiograms of the chest have been carried out in the search for 
pneumoconiosis. 



TOXICOLOGY 


[VOL. XU 


Use in 
refrigerants 


Clinical 

picture 


Preventive 

treatment 


Precautions 


160 

Organic fluorine compounds 

The introduction of fluorine-containing refrigerants has stimulated 
investigations into the toxicity of hydrogen fluoride, fluorochloro- 
methanes, fluorochloroethanes, and fluorochlorocthylencs. Machle and 
Scott (1935) exposed rabbits to sublcthal concentrations of hydrogen 
fluoride and showed that fluorine was stored in the tissues, especially 
in the bones, the qnantities found amounting to as much as ten times 
the normal. The use of dichlorodifluoromcthanc in domestic and com- 
mercial refrigerating appliances and in air-conditioning equipment for 
public buildings has the advantage of reducing the risks of explosion 
but it introduces the possibility of exposure of workmen to the vapours 
of an organic fluorine compound. Sayers et al. (1930) have shown that 
prolonged exposure of dogs, monkeys, and guinea-pigs to air containing 
20 per cent by volume of dichlorodifluoromcthanc vapour does not lead 
to any ill-effects. It is therefore probable that the use of this refrigerant 
involves little risk to the health of the workman. 

(e) Sulphur Dioxide 

Risk of poisoning from sulphur dioxide (SOo) exists in the neigh- 
bourhood of furnaces, boiler fires, chemical and dye works, in the 
manufacture of sulphuric acid, and in bleaching and fumigating. 

In persons unaccustomed to sulphur dioxide even a weak concentra- 
tion produces an acid taste in the mouth, an increased flow of saliva, 
and irritation of the nasal, ocular, and respiratory mucous membranes. 
Spasmodic sneezing and coughing may occur. If the action is too 
severe or too prolonged the bronchi and lung.s arc attacked with the 
production of viscid and even blood-stained expectoration. In fatal 
cases there is great respiratory distress and death occurs from oedema 
of the lungs. Many serious cases, however, recover. 

All necessary precautions must be taken in the manufacture of sulphur 
dioxide to prevent leakage from kilns and apparatus, to ensure intensive 
condensation of the gas, and to provide an cflectivc ventilating and 
extracting system in workshops. Individuals should be protected by 
wearing overalls, and positive pressure gas-masks connected to a supply 
of compressed air should be available. 

(/) Ammonia 

Accidents with ammonia (NH,;) may oceur in leakage from refrigerator 
plants, in the manufacture of ammonium sulphate in gas works, in 
spilling of strong solution of ammonia, and in breaking up cylinders 
supposed to be empty. In the manufacture of ammonia closed receptacles 
only must be used. Efficient exhaust ventilation must be installed over 
apparatus which give off fumes and vapours. Steps must be taken to 
prevent the escape of any noxious gas and for thorough concentration 
of gaseous ammonia. Gases not condensed should be burned and the 
workshops kept thoroughly ventilated. Chimneys should be high and 
close supervision exercised over the discharge of waste water. Apparatus 
and joints should be carefully luted and gases which cannot be dissolved 
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in water should be condensed in a vessel containing a dilute mineral 
acid. Refrigerating plants should be isolated from workrooms, and in 
all plants where any risk is run respirators should be provided and the 
workers trained in their use. 

For clinical picture and treatment of poisoning see p. 76. 

(4) — Organo-Metallic Gases 

Certain metals and metalloids form poisonous compounds which are 
encountered in industry. The dangers of nickel carbonyl, arseniuretted 
hydrogen, and phosphoretted hydrogen are all well known. Trouble 
from breathing nickel carbonyl is generally the result of an accident, such 
as a broken pipe line, and does not imply ignorance of toxicology on the 
part of industry. Arseniuretted hydrogen and phosphoretted hydrogen 
are not manufactured in industry but are evolved as accidental by-products 
in other processes. Their presence is therefore difiBicult to control. 

(a) Nickel Carbonyl 

Nickel carbonyl, Ni(CO) 4 , is a compound of nickel and carbon 
monoxide and was discovered by Ludwig Mond in 1890. It is a 
clear pale straw-coloured liquid volatilizing at room temperature and 
solidifying into a crystalline mass of needles at 23° C. When it is heated 
to 150° C. it is decomposed into its constituents and metallic nickel is 
deposited. It gives off a peculiar odour like soot which is perceptible 
when the air contains one part in two million. The flame of a Bunsen 
burner becomes luminous when the air contains one part in four 
hundred thousand. By means of nickel carbonyl pure nickel is isolated 
industrially from its ores by the Mond process. 

In 1902, in a factory in which nickel was separated from the ore, thirty- 
seven cases of poisoning due to nickel carbonyl occurred, two of them 
fatal (Mott, 1907). This incident brought to light hitherto unsuspected 
physiological effects of nickel carbonyl, attended by a train of symptoms 
unlike those produced by any known substance. The factory was new 
and amply provided with ventilation. Arrangements had been made 
for the processes to be carried on automatically in a closed apparatus. 
No serious cases of poisoning took place so long as the automatic 
working was not interrupted. On two occasions, however, owing to 
the breaking of a chain it became necessary to substitute hand labour 
for the automatic arrangements. The break in the continuity of the 
system allowed escape of nickel carbonyl in gaseous form. The pro- 
portion of carbon monoxide was believed to be about 10 per cent. 
For several years little further trouble was experienced, but between 
1922 and 1930 forty-two cases, including two deaths, were reported, 
all due to escapes during repairs or to fractures of pipes and leaks in 
joints subsequent to general repairs and cleaning of the plant. 

Experimental investigations have shown that the poisonous effects 
are entirely due to the nickel of the compound and not to the carbon 
monoxide (Armit, 1907). Rabbits die in sixty-five minutes after breathing 
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air containing 0 01 8 per cent of nickel carbonyl, dogs and cats in twelve 
to fourteen hours. The animals treated by Arniit died when their blood 
contained not more than 0-072 to 016 per cent of carbon monoxide 
and were not poisoned by iron carbonyl, which contains more carbon 
monoxide than nickel carbonyl. Its peculiar toxicity is due to the fact 
that nickel carbonyl enters the respiratory tract in gaseous form and 
then splits up, depositing nickel as a slightly soluble compound in a 
very fine state of subdivision over the immense surface of the lungs. 
It there sets up irritation, congestion, and oedema. Some writers have 
attributed the toxic action of nickel carbonyl to carbon monoxide 
which can easily be detected in the blood of the victim, rather than to 
any specific action of nickel. Whether this be so or not the toxicity 
of nickel carbonyl is much greater than that of carbon monoxide 
(Hamilton, 1934). 

The symptoms in man come on immediately after the inhalation of 
the gas and consist of giddiness, slight dyspnoea, nausea, and vomiting, 
all of which pass off rapidly in the open air. Then after twelve to 
thirty-six hours the dyspnoea returns, with cyanosis, rise in temperature, 
and cough, sometimes accompanied after the second day by blood- 
stained expectoration. The rise in the pulse-rate is not proportional 
to the rise in the respiration rate, which may reach as high as 60. 
Abnormal physical signs in the lungs are usually absent. Although at 
the time exertion causes considerable distress in breathing, there is 
no permanent disability and most of the men affected arc absent from 
work only for a short time. In fatal cases delirium develops with death 
on the fourth to the twelfth day. At necropsy extensive haemorrhages 
are found, especially in the lungs, the corpus callosum, and the spinal 
cord. The cause of death is usually oedema of the lungs. 

The escape of gases or fumes must be prevented by carrying on the 
process in a completely closed system of iron chambers and pipes. 
Air containing 0-5 per cent of nickel carbonyl is already dangerous. 
Compressed air should be supplied on each floor of the works and 
suitable joints provided at frequent intervals for fixing a face-piece 
and tube through which to breathe air whenever repairs become 
necessary. The air should be delivered into the face-piece at sufficient 
pressure to keep out any gas. The workmen should be instructed to 
test for the presence of nickel carbonyl by holding the blue flame 
derived from methylated spirit against the air suspected. In the event 
of a large leak the gas would burn with a yellow flame, and with a 
small leak a yellow film forms on the surface of the blue flame. This 
test detects a proportion of one part in 400,000 of air. Workmen should 
be instructed by word of mouth and by posters about the toxic pro- 
perties of nickel carbonyl and the great need to take care. 

(6) Arseniuretted Hydrogen 

Arseniuretted hydrogen (arsine, AsH^), was discovered in 1775 by 
Scheele. Its toxicity remained unknown until 1815 when Gehlen, a 
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Munich chemist, in the course of some researches ‘inspired a small 
portion, and at the termination of one hour was seized with continued 
vomiting, shivering, and weakness which increased until the ninth day, 
when he died’. Unfortunately this tragic accident is repeated from 
time to time. 

In 1920 K. C. Schierbeck, of Copenhagen, died from arseniuretted hydrogen 
poisoning during studies made in collaboration with C. Lundsgaard on the 
mixture of air in the lungs with hydrogen. Usually the hydrogen was prepared 
from hydrochloric acid and zinc which were both free from arsenic. As 
a further precaution the gas was washed by passing it through potassium 
permanganate solution and a sample was tested for arsenic by Marsh’s 
method (Lundsgaard and Schierbeck, 1923). Towards the end of the experi- 
ment the workers ran short of arsenic-free hydrochloric acid, and Schierbeck 
was imprudent enough not only to make use of ordinary laboratory hydro- 
chloric acid in the preparation of the hydrogen but also to neglect to wash 
the gas and to test a sample for arsenic. The evening on which the experi- 
ments were made he had fever, diarrhoea, and copper-coloured jaundice. 

The urine was red-brown and contained albumin and haemoglobin. The 
jaundice persisted and within a few days vomiting occurred, the liver became 
palpable, and the haemoglobin fell from 46 to 31 per cent. His general 
condition became rapidly worse, dyspnoea was noticed, suppression of urine 
supervened, and he died on the ninth day after the accident. 

The first cases to be reported in industry occurred in 1873 in Germany, 
in men engaged in desilverizing lead and zinc ores. In an exhaustive 
monograph on the subject, published in 1908, Glaister, of Glasgow, 
summarized all the 120 cases which had been reported up to that 
time. His work remains the best general account of the subject in 
English. Since 1908 the number of cases recorded has been more than 
doubled. The majority of cases have been due to the use of acids and 
alloys or ores contaminated with arsenic. The occupations concerned Occupations 
are the roasting and extraction of mineral ores, pickling and galvanizing 
of metals, cleaning of acid tanks, the manufacture of bleaching powder 
and zinc chloride, the manufacture of hydrogen and its use in ballooning, 
and lastly the making, charging, and using of accumulators. It follows 
that the workman may absorb the poison in operations in which the 
possibility of poisoning is not so much as imagined. 

The possibility that poisoning might arise from the action of water 
on the arsenides of alkali metals was recognized by Jones (1907) and 
by Glaister (1908). In 1923 Legge reported two cases of arseniuretted 
hydrogen poisoning (one of them fatal) from a dross-refining factory 
in England. A thunderstorm flooded a floor on which bags containing 
residues from certain refining operations were stored. Two men were 
employed packing dross at a distance of ten feet from these bags. One 
was quite unafiected but the other suffered from vomiting, intense 
coppery jaundice, and suppression of urine, and died. A third man 
in charge of a drossing furnace some twenty feet away was slightly 
affected. A sample of a fresh portion of the contents of the bags was 
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found to contain 1-6 per cent of arsenic, together witli lead, tin, anti- 
mony, copper, and aluminium. It smelt of sulphuretted hydrogen and 
when moistened gave off large quantities of arseniuretted hydrogen. 
In 1931 Bridge gave an account of six cases with two fatalities caused 
by the damping down to lay the dust of a residue containing a metallic 
arsenide. He also mentioned three cases which occurred at the same 
factory earlier in the year and were not reported. In one of the fatal 
cases traces of arsenic were found in the bones. In 1931 Loning reported 
eleven cases (with four deaths) which occurred in a tin-rellning works 
at Wilhelmsberg. The patients had been engaged in the process of tin- 
refining described above and had sprinkled water over the dross to 
avoid the raising of dust. In 1932 Bomford and Hunter described two 
cases occurring in London from a similar cause. In the process of tin 
refining a dross containing aluminium arsenide was watered down while 
still hot with several cansful of water. Two workmen were affected. 
Both suffered from haeraoglobinuria and haemolytic jaundice with 
anaemia. Both recovered completely. Twenty-live cases of arseniuretted 
hydrogen poisoning have been reported in the tin-rclining industry, 
seven of them fatal. The mortality rate of this small series is therefore 
28 per cent. It should be noted that this is one of the few industrial 
poisons which may kill outright. 

In severe cases the first effects of haemolysis occur within six hours, 
when haemoglobinuria appears. Within twenty-four hours there is 
jaundice and by the third day anaemia in which the red-cell count may 
fall below 1,000,000 per c.mm. Death may occur from anuria in those 
cases in which severe haemolysis causes blockage of the renal tubules 
with haemoglobin. Mild cases arc often mistaken for food poisoning, 
and are accompanied by nausea, headache, shivering, exhaustion, giddi- 
ness, and vomiting. Reports of series of cases have often mentioned 
that a number of other men were aft'cctcd but not so severely as to 
require admission to hospital. It therefore seems possible that a number 
of cases too mild to present the classical picture of this form of poisoning 
may be occurring in industry and escaping detection. 

The first essential in the prevention of this accident in industry is that 
all concerned, particularly works’ managers and certifying factory 
surgeons, should be fully alive to the danger of the processes involved 
and to the signs of early and slight poisoning. The workshops should 
be adequately ventilated and processes known to be risky should be 
forbidden in confined spaces. Sometimes a breathing apparatus suitable 
for use in irrespirable atmospheres must be employed. Such an apparatus 
consists of an oro-nasal mask with tube connexion to the outer atmo- 
sphere. The wearer draws fresh air through the tube by his inspiratory 
efforts and expels the expired air through a valve in the mask. Further, 
as suggested by Koelsch, a number of bird-cages containing small birds 
should be hung as near as possible to the work since it is known from 
experience that the gas affects them before it affects man. 
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(c) Dimethylarsine 

The use of Scheele’s green (cupric arsenite) in the preparation of 
artificial flowers and wall-papers has now only historical interest because 
aniline colours have almost entirely taken the place of arsenic in these 
processes. When arsenical colours were used, as much as 60 grains 
per square foot were found in samples of wall-papers examined. The 
importance of the matter in relation to wall-papers was that such 
symptoms as coryza, conjunctivitis, gastro-enteritis, and tiaglings in the 
extremities, all suggesting arsenic poisoning, were found to be associated 
with residence in rooms papered with arsenic wall-papers. 

The mould Penicillium brevicaule while growing in the paste split up 
the arsenic compounds, liberating from them a gas originally thought 
to be diethylarsine (Biginelli, 1901), but since definitely identified as 
dimethylarsine (CH 3 ) 2 AsH (Challenger, 1935). In 1931 in the Forest 
of Dean a child died owing to inhalation of dimethylarsine from mouldy 
walls in a very damp house. The source of the arsenic in this case was 
coke breeze, a constituent of the plaster of the walls. The use of concrete 
blocks containing this substance and the deliberate addition of arseni- 
ous oxide to cements to increase their rate of hardening are clearly 
undesirable. 

{d) Phosphoretted Hydrogen 

Phosphoretted hydrogen (phosphine, PH 3 ), is a colourless gas, heavier 
than air, with a distinctive and most disagreeable odour like rotten 
fish. Even 2 parts per 100,000 in the atmosphere is perceptible and 20 
parts per 100,000 will quickly cause death. Poisoning may arise in the 
preparation and use of calcium phosphide for filling certain kinds 
of flare mines, in the manufacture of acetylene with impure calcium 
carbide, and even in chemical preparation and handling of phosphoretted 
hydrogen in the laboratory. Most of the cases recorded have resulted 
from the carriage of ferro-silicon as badly ventilated cargoes when the 
persons responsible were ignorant of the nature of the poison evolved. 

Between 1905 and 1908 a number of cases of mysterious illness, often 
with dramatically fatal outcome, occurred in ships and canal boats 
carrying cargoes of ferro-silicon. The matter was investigated by 
Copeman (1909) and by Hake (1910). They concluded that grades of 
ferro-silicon containing from 40 to 60 per cent of silica were the most 
dangerous. Their work showed that the poisonous substances evolved 
from ferro-silicon consisted mainly of phosphoretted hydrogen, some- 
times accompanied by small proportions of arseniuretted hydrogen and 
acetylene. They attributed the evolution of these gases to the action of 
water on calcium phosphide, arsenide, and carbide respectively. They 
did not make it clear which of the gases they held responsible for 
the symptoms of poisoning. Subsequent writers have also evaded this 
question and the cases are often referred to under the heading of 
arseniuretted hydrogen poisoning. 

The chief symptoms are abdominal pain, nausea, vomiting, and severe 
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Clinical diarrhoea, often followed by staggering gait, convulsions, coma, and 
picture death within twenty-four hours. Neither jaundice nor anaemia appears 
to have been described in any of the reports. In one scries of cases, 
Bruylants and Druyts (1909) found traces of arsenic present in the 
bodies of all of four cases. It seems probable that phosphoretted 
hydrogen was responsible for the symptoms observed in most of these 
cases, if not in all. Since 1909 the only published cases of illness due to 
ferro-silicon have occurred in Germany (Thiele, 1921). From samples 
of the ferro-silicon concerned phosphoretted hydrogen alone was 
obtained. 

Preventive Where exhaust ventilation is installed it should work in a downward 
treatment direction since the gas is heavier than air. A breathing apparatus should 
be used which enables the worker to breathe the outside air. Such an 
apparatus was worn with success in Great Britain during the war of 
1914-18 by girls engaged in filling mines with calcium phosphide. 
The following recommendations suggested by Copeman should be 
adopted in handling ferro-silicon: breaking up of ferro-silicon into 
pieces of the size required at the place where it is used; exposure to 
the air in a sheltered place for a month at least before loading on to 
ships; prohibition of transport on passenger ships or on the top of the 
cargo — it should be carried on deck or, if this cannot be managed, 
in holds carefully ventilated and separated by air-tight doors from 
living quarters; application of these measures in transport on barges 
in inland waters; packing cases containing ferro-silicon should have 
inscribed on them clear particulars concerning the material, such as 
the percentage of silicon, the date of manufacture, and the place of 
origin. Where ferro-silicon is stored work should never begin until the 
room is ventilated. Zangger (1930) recommended that such storerooms 
should be under lock and key and that no one should be allowed inside 
without a permit from the person responsible for effective renewal of 
the air. Masters of ships carrying ferro-silicon should not only lake 
all necessary measures of safety but should also instruct all persons 
manipulating the product as to the risk. 


9.-BENZENE AND ITS HOMOLOGUES 

(1) — Sources of, and Toxicity of, Solvents 

Sources of 1535.] Benzole is given off during the distillation of coal in a closed 

enzene vessel, part remaining in the tar and part in the gas. The chief means of 

recovery is by stripping the benzole from the coke-oven gas, a method 
which recently has largely superseded distillation of the tar from gas 
works and coke ovens. 

Benzole is graded commercially as crude or refined, according to the 
percentage which is distilled below 100“ C. Commercial benzole is 
hardly ever pure, and contains traces of xylene, toluene, phenol, 
carbon disulphide, and many other substances. The three usual com- 
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mercial types are: (i) commercial crystallizable 100 per cent benzene 
(CfiHe), boiling point 80° C.; (ii) commercial 90 per cent benzole, 
which distils below 100° C. and contains up to 15 per cent toluol and 
2 per cent xylol; and (iii) commercial 50 per cent benzole, which contains 
50 per cent of constituents distilling below 100° C. and 90 per cent 
below 120° C. 

Benzole has two more or less distinct fields of application to industrial Industrial 
processes: (i) where it is handled in large quantities in closed mechanical 
systems, including the distillation of coal and coal tar, the blending of 
motor fuel, and the chemical industries; and (ii) where it is used as a 
solvent or diluent, including the rubber industry, artificial leather manu- 
facture, the dyeing and cleaning industry, the manufacture of paints 
and varnishes, the aeroplane, linoleum, and celluloid industries, and 
the manufacture of artificial manure, glue, and the extraction of 
certain alkaloids. 

Not only are many pure chemical substances obtained from the crude 
fractions of coal-tar by further distillation and re-distillation, but also 
by less complex methods mixtures of these substances are obtained 
which serve most industrial purposes very well. The nature and pro- 
portions of these substances contained in any such distillate depend on 
the source of the distillate, the temperature range within which it has 
been collected, and the degree to which the remaining impurities have 
been removed. 

It is important to distinguish the original source of a solvent. The Source of 
distillates derived from the stripping of coke-oven gas or from coal-tar 
contain mostly aromatic hydrocarbons, of which benzene (CgHe) is 
outstanding in the production of serious chronic toxic effects from Effects on 
damage to the bone marrow. On the other hand the petroleum distillates marrow 
contain mostly aliphatic hydrocarbons which are relatively harmless. 

Much experimental work on animals and many clinical observations 
and pathological reports on man have confirmed this action of benzene, 
whereas toluene, the higher homologues of benzene, and petroleum 
distillates containing no benzene have no such action. In the case of 
these substances the evidence from animal experiments points to 
stimulation rather than to destruction of the bone marrow. 

It is not denied that chronic toxic effects result from continued Toxic effects 
inhalation of any of these solvents, but chronic effects progressing to 
a fatal outcome appear to be restricted to benzene. All these substances 
exert dangerous acute narcotic effects and the outcome may be fatal 
if they are inhaled in sufficient concentration. For practical purposes, 
however, under industrial conditions only benzene and mixtures con- 
taining benzene produce chronic effects with an ominous prognosis. 

The benzene content of the industrial solvents is therefore of first 
importance from the toxicological point of view, for the risk of serious 
chronic poisoning from inhalation varies, other conditions being equal, 
directly with this content. 

Benzine is a confusing term: it is usually applied to a petroleum Benm^ 
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distillate which contains mainly aliphatic hydrocarbons and little or 
no benzene. But some commercial benzines contain as much as 40 
per cent of benzene. The terms benzine and benzene have so often been 
confused in reports of cases of poisoning that the former should be 
dropped. 

The terms solvent naphtha and petroleum naphtha refer cither to a 
coal-tar or to a petroleum distillate with a very much higher boiling 
temperature range than benzole, namely 110“ to 190“ C., and therefore 
even the coal-tar product contains either a negligible proportion of 
benzene or none. The coal-tar derivative is usually called solvent 
naphtha, whereas the petroleum derivative more usually goes under 
the name of white spirit. 

Although pure toluene (methyl benzene, C„Hr,.CH;,), boiling point 
110-4° C., does not contain benzene, commercial toluol may contain 
an appreciable proportion, up to about 15 per cent, and this may explain 
serious chronic toxic effects in industrial workers, which have been 
attributed to the inhalation of toluene. 

The pure xylenes have boiling points of 138“, 1 39“, and 142-3° C., but 
commercial xylol has a wider boiling range depending on the standard 
adopted. 

The greater volatility of benzene as compared with its higher homo- 
logues has obvious commercial advantages in aiding tpiick drying of 
paints, lacquers, and rubber cements. This is an obstacle to the sub- 
stitution of benzene by its higher homologues or by petroleum distillates 
of higher boiling point than benzene. Much, however, has been achieved 
in this direction in Great Britain, particularly in the rubber industry and in 
the manufacture of cellulose lacquers, and there is an increasing tendency 
for manufacturers to state on containers when the product contains 
either no benzene or less than 15 per cent of benzene. 

(2) — Clinical Picture of Benzene Poisoning 

Except for a few cases of accidental or suicidal ingestion, poisoning 
in industry is due to the inhalation of the vapour of these substances. 
Acute poisoning is usually the result of breakage of distilling apparatus, 
cleaning out vats, painting out tanks or other confined spaces with 
paints containing these solvents, or exposure in some way to the 
vapours in considerable concentration. All ultimately cause deep 
narcosis and death if the exposure is continued. Benzene, being the 
most volatile, is the most dangerous in this respect under industrial 
conditions, whereas white spirit with its much higher boiling point 
could only have this effect under exceptional conditions of exposure. 
A preliminary stage of excitement with restlessness, incoherent speech, 
and flushed face is quite common, particularly with solvent naphtha 
and benzene. In the case of benzene convulsive movements may occur. 
With toluene and xylene quiet narcosis is usual. But the use of any one 
substance alone is rarely necessary in industry, and solvent mixtures 
containing one or more of the above-mentioned substances together 
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with a proportion of a totally unrelated solvent, for example, carbon 
tetrachloride, may be encountered. It should be remembered that there 
is often a stage of well-being which is followed fairly rapidly by 
disinclination or inability to move from the surroundings. Muscular 
exertion and emotional excitement — ^for example, fear — are believed to 
increase the severity of the intoxication. 

Much that is uncertain and apparently contradictory has been written Chronic 
about the effects of exposure day in and day out to concentrations too 
low to cause acute effects. This is the result of a number of factors, 
of which the most important seem to have been confusion in nomen- 
clature of the solvents, uncertainty about the exact composition of 
the solvent concerned, and a too literal belief that the results of 
laboratory investigation can be applied without modification to human 
beings working under ordinary industrial conditions. 

Continued exposure to the vapours of any of this group of solvents General 
will result in depression of the general health with very various 
symptoms. The minimal exposure required to effect this varies with 
the individual. Of the early symptoms, headache, either somnolence 
or insomnia, and mild digestive disturbances are the commonest, then 
giddiness, nausea and sometimes vomiting, and general weakness. 

Cessation of exposure and symptomatic treatment will be followed by 
rapid recovery unless benzene is the cause, in which event there are 
grave possibilities. 

Benzene destroys the bone marrow and therefore causes a severe Destruction 
anaemia. Although slight anaemia may accompany and form part of 
the depression in general health associated with long exposure to other 
members of this group, benzene, under the conditions of exposure in 
industry, is unique among them in its rapidity of action in many cases 
and in the intensity of the effect produced. 

The victims of industrial poisoning often constitute a small minority Smcepti- 
of the workers; a single susceptible individual may contract fatal 
poisoning in an environment which does not give rise even to mild 
poisoning in others (Ronchetti, 1922). The factors responsible for the 
great variations in susceptibility are largely unknown, but in general 
women, especially young women, are more susceptible than men. 

Changes in the blood may begin from two days to one month after 
the first exposure, according to the amount absorbed, and they may 
progress or even develop after exposure has ceased. Death may occur 
within three weeks of the onset of symptoms. 

Clinically the picture of chronic benzene poisoning is that of a pro- Symptoms 
gressive anaemia with purpura, epistaxis, menorrhagia, and visceral 
and retinal haemorrhages. Ulcers or gangrenous patches on the lips, 
fauces, and pharynx are common. Although poisoning may occur 
only after many years’ exposure, there have been fatalities after a few 
weeks’ exposure. Of the original cases reported by Santesson (1897) 
four of the nine proved fatal within one to four months of the beginning 
of exposure. When therefore either complaint of the patient or inquiry 
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into the exact nature of the work done draws attention to the possi- 
bility of exposure to this group of solvents, particulaily if there is 
already a suggestion of anaemia or purpura is noted, or complaint 
is made of epistaxis, menorrhagia, or other unusual bleeding, the 
necessity of prompt determination for any exposure to benzene and of 
immediate examination of the blood is apparent. 

Benzsne attacks the bone marrow and affects first the platelets, then 
the granular leucocytes, and finally the red cells. Therefore in the 
earliest stages of chronic benzene poisoning, when from the practical 
aspect its detection is so important to everyone, there may be little or 
no evidence of damage to the red cells but only purpura with leucopenia 
and granulocytopenia. Even this may be masked temporarily by the 
influence of a localized septic infection on a bone marrow still capable 
of responding by the production of a polymorphonuclear Icucocytosis. 
However, the discovery of leucopenia with granulocytopenia suggests 
inquiry about exposure to benzene and, when there is already knowledge 
of exposure to solvents in this group, demands exclusion from the 
work, verification of the presence of benzole in the material used, and 
examination of others engaged in the same work. The total leucocyte 
count in chronic benzene poisoning may fall to a very low level; in 
fact the white cells may almost disappear. A count of 1,000 to 2,000 
per c.mm. is common, and a count of 104 has been recorded. In some 
cases the granular leucocytes fall as low as 1 0 per cent. The bleeding time 
may be increased to half an hour, with a corresponding drop in the 
platelets. The red cell count is reduced, with a corresponding reduction 
in the haemoglobin percentage. The count may be as low as three- 
quarters of a million per c.mm., but in many cases a moderate anaemia 
with a count of three million and upwards may be present. The changes 
in the appearance of the red cells are slight but anisocytosis, poikilo- 
cytosis, and punctate basophilia may occur. 

Necropsy usually shows aplasia of the bone marrow. Haemorrhages 
may be found in the skin, pericardium, pleura, alimentary tract, 
meninges, bladder, and uterus. Gangrenous stomatitis and even 
necrosis of the gastric mucosa have been recorded. Benzene cannot bo 
discovered in the body after death. 

(3) — Prognosis and Sequelae 

Acute poisoning by inhalation of any of this group is cither rapidly 
fatal, or recovery is complete in due course. After return to conscious- 
ness and apparent recovery at least some days should elapse before 
return to work, for serious symptoms may return. Headache, giddiness, 
nervousness, insomnia, nausea, pins and needles in the hands and feet, 
and general fatigability may persist for a fortnight or more after acute 
poisoning, and in benzene poisoning respiratory catarrh and pleurisy 
have also been noted. 

The chronic deterioration in general health associated with continued 
exposure to the members of this group other than benzene soon dis- 
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appears with removal from exposure and appropriate symptomatic and 
general treatment. Chronic benzene poisoning is obviously a serious 
condition. The death-rate is very high but occasionally a severe case 
ends in recovery. 

Hayhurst and Neiswander (1931) have recorded a case in a rubber worker 
in whom the red cells were 900,000 per c.mm., haemoglobin 10 per cent, 
white cells 850 per c.mm., bleeding time more than 25 minutes, and the 
platelets 100,000 per c.mm. Treatment by blood transfusions and iron 
was followed by recovery, and three and a half years later the blood count 
was normal except for slight granulocytopenia. 

The blood picture may give little indication as to the outcome. When 
the onset is rapid, the red count well under a million and the white 
count under 1,000 the victim may recover, whereas a patient with a 
longer exposure and symptoms for several months with a red count of 
about three million and without leucopenia may die. Symptoms may 
develop after cessation of exposure and may be precipitated, as with 
some other industrial poisons, by an acute infection. 

(4) — Diagnosis and Differential Diagnosis of Chronic Benzene 

Poisoning 

The importance of any history of exposure to benzene is self-evident; 
this, together with leucopenia, granulocytopenia, and thrombopenia, 
with or without reduction in the red count, should ensure removal 
from exposure and treatment; the existence of purpura or an abnormal 
tendency to bleed emphasizes the necessity for prompt action. 

Essential thrombopenic purpura and aplastic anaemia both resemble Differential 
chronic benzene poisoning. Both are of non-occupational origin, but 
cases show severe anaemia, leucopenia, granulocytopenia, and thrombo- 
penia. Certain other chemical substances used in industrial processes 
affect the blood, for example dinitrophenol and trinitrotoluene; they 
cause methaemoglobinaemia with cyanosis and in severe cases jaundice, 
two conditions which do not occur in chronic benzene poisoning. 

Aplastic anaemia has been known to occur in industry among persons 
handling radio-active materials. The use of arsenobenzene and dinitro- 
phenol for therapeutic purposes must be excluded, for both these 
substances can affect the blood. 

(5) — Treatment 

The various preventive measures suitable for application in factories Preventive 
and other industrial concerns need not be discussed here. Clearly, 
however, since benzene is outstanding in this group in its chronic toxic Substitution 
effects, its substitution whenever possible by other solvents which are 
harmless is the method of first choice. Methods for complete protection 
against accidental gassing and for the prevention of escape of vapours 
of any of these solvents into the work-room are necessary. In all processes 
involving the use of benzene the value of frequent periodical medical 
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examination, including examination of the blood, has been proved by 
experience, especially in the United States. The more complete and 
effective the prevention of escape of vapours into the work-rooms and 
the more efficient the daily supervision of the ventilating apparatus, 
the less is the necessity for periodical medical examination. 

Cases of chronic benzene poisoning occurring in Great Britain and 
believed to be due to 'work in premises coming under the Factories 
Acts are notifiable to the Chief Inspector of Factories, Home Office, 
Whitehall, London, 

In acute gassing by any of this group the usual methods of resuscitation 
are used: rest, warmth, artificial respiration, administration of oxygen 
and carbon dioxide mixture, and injection of coramine as a respiratory 
stimulant. Careful watching is necessary because relapses occur; for the 
same reason and because of the sequelae already referred to, patients 
should be prevented from returning to work too early. 

In chronic benzene poisoning the patient must be removed from 
exposure and should not be permitted to return to any work involving 
exposure to benzole so long as any evidence of the disease remains. 
When the blood picture cannot be restored to normal the patient should 
never return to such work. 

Cases of chronic poisoning must be treated by repeated blood trans- 
fusions and it must be remembered that the toxic influence may persist 
even after removal from exposure. The results of treatment arc so poor 
as to convince all who have studied the subject that the use of benzene in 
industry must be ruthlessly suppressed except where the process used 
is entirely closed. Fortunately in Great Britain it has been possible to 
do this and it is rare for more than one or two cases to be notified 
annually, and in many years no case has been notified. 


lO.-NITRO- AND AMINO-DERIVATIVES 

1536.] The coal-tar derivatives arc so numerous and complex that it 
is difficult for the toxicologist to keep pace with the chemists who 
produce them. The following compounds will be discussed: mononitro- 
benzene, dinitrobenzene, phenylencdiamine, trinitrotoluene, dinitro- 
Chemical phenol, and aniline. It is sometimes possible to predict f rom the chemical 
and'^Uologkal of l^he simpler members of the group what their physio- 

action logical action is likely to be. Addition of a nitro- or nitroso-group 
Nitro-group usually produces a more toxic compound, but it does not follow that 
toxicity will continue to increase as more nitro-groups are added. Thus 
2-4dinitrophenol is toxic, whereas trinitrophenol is practically harmless. 
The position of the substituent groups in the benzene ring has a great 
effect on the toxic action. Thus the toxic properties of 2-4 dinitrophenol 
are not shared by any of the other isomers. When a nitro-compound 
is reduced to an amine, as when nitrobenzene is reduced to aniline or 
nitrotoluene to a toluidine, the toxic character remains much the same 
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but the intensity of the action is lessened. Sulphonation renders a Sulphmation 
compound non-toxic; as soon as aniline is sulphonated it ceases to give 
trouble. The entrance of chlorine into an aromatic compound does not Chlorination 
increase the toxicity as it does in the case of an aliphatic compound. 

In fact, chlorbenzene is less toxic than benzene. 

Nitrobenzene and aniline act mainly on the blood, converting haemo- Methaemo- 
globin into methaemoglobin. The symptoms they produce are essentially slobmaemia 
similar, so that the following subdivision under different headings is 
to some extent artificial. (See also Cyanosis, Enterogenous, Vol. Ill, 
p. 520.) 

(1) — ^Mononitrobenzene 

Mononitrobenzene (oil of mirbane), CgH5N02, is a hquid used in 
the manufacture of aniline. It is regarded by experienced men as 
distinctly more dangerous than anihne. Mononitrobenzene is more 
poisonous to the nervous system than dinitrobenzene, but the latter 
has a more destructive action on the blood. 

Hamilton (1919) recorded the case of an elderly man who was at work in 
a soap factory in Boston, carrying a five-gallon can of oil of mirbane. He 
spilt some of the fluid on his trousers, became shaky and suddenly collapsed Absorption 
spilling more of the fluid on himself. His mirbane-soaked clothing was not through skin 
removed before he was sent to hospital, and it is not surprising that his 
condition was serious when he arrived there. He was imconscious with slow 
irregular breathing but a good pulse. The pupils were small, irregular, and 
fixed. The skin was a pale grey-blue colour. Some blood withdrawn from Cyanosis 
a vein was chocolate coloured. Respiration failed but the action of the heart 
was good until just before death which occurred one hour after admission. 

Since nitrobenzene is absorbed through the skin, the victim of such 
an accident as this should be stripped promptly of his clothes, sponged 
with weak acetic acid or vinegar, and provided with a shower-bath and 
clean clothes. 

(2) — ^Dinitrobenzene 

Dinitrobenzene, is used in the manufacture of dyes. It 

was the principal explosive used by the Germans in the War 1914--18 Use as 
and its toxic properties were responsible for 113 deaths in Bavaria 
from 1915 to 1918. It is solid, and in consequence cases of poisoning 
develop less rapidly and are less severe than in the case of mononitro- 
benzene. Poisoning occurs amongst men who either shovel or melt 
dinitrobenzene. In a mild case there is a sense of pressure in the head 
which increases to a violent throbbing headache with dizziness and Cyanosis 
dyspnoea. In severe cases the face is deeply cyanosed; the lips, tongue, 
and ears are purple; and there are nausea, sometimes vomiting, abdominal 
pain, a staggering gait, and extreme weakness. An attack seldom occurs 
during work; a man is more usually overcome some hours after he has 
left the plant. 

The main effect of dinitrobenzene is the conversion of oxyhaemoglobin 
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into inelhacmoglobin. The blood may be chocolate coloured and 
sometimes it is possible to detect the bands of inethaemioglobiii 
spectroscopically (see Vol. i f Plate Yl, facing p. 499). Malden described 
the blood changes in twenty-one men engaged in the manufacture of 
dinitrobenzene. The red cells were considerably reduced in numbers 
and constantly showed marked basophil granulation. The haemoglobin 
was proportionately decreased, the colour index being normal. The 
total white cells were increased but with a considerable relative decrease 
in the polymorphonuclear cells. Methaemoglobin, haematoporphyrin, 
haemoglobin, and even albumin have been found in the urine. The 
smoky colour of the urine may be noticed by the men themselves soon 
after their first contact with nitrobenzene or aniline. Only very rarely 
does toxic jaundice occur. 

In 1901 White and Hay carried out experiments proving conclusively 
that the main channel of absorption of dinitrobenzene is through the 
skin. In Great Britain before the War there were only two or three 
factories making nitro-derivatives of benzene, and about as many 
making use of them in the manufacture of explosives. The factory 
where the manufacture was on the largest scale gave rise to more 
anxiety than any other in the country (Lcggc, 1916). The reason was 
that there was not sufficient other employment to allow work on 
dinitrobenzene to be alternated with work not involving such contact. 
One factory had to close down altogether during a hot summer, 
because there were not enough healthy men left to carry on the work. 
Legge (1916) described another factory where, as a result of overtime, 
hot weather, and inadequate ventilation twenty-eight cases of illness 
with two deaths occurred in the course of a few weeks. With reduction 
of contact to four hours a day the symptoms disappeared. Thus a 
useful preventive measure is to reduce the dose of the poison, It is 
well known that cases of poisoning are more frequent in hot close 
weather than during the colder seasons of the year. Persons under 
20 and over 50 seem to succumb sooner than those between 30 and 40 
years of age. Lack of care and unclean habits arc predisposing causes; 
those who do not change their working clothes on returning home 
may sit before the fire and absorb the poison from the evaporation 
of crystals or from the material in solution on their clothing. Absorption 
from the alimentary canal is more rapid if the stomach is empty, and 
it is therefore desirable that irien should take a meal before they begin 
work. Alcohol undoubtedly favours absorption, and several instances 
are on record in which poisoning has supervened after indulgence in 
alcohol in ordinary amounts. 

(3)— Phenylenediamine 

Phenylenediamine, CgH/N 112 ) 2 , is used for two similar purposes: 
for dyeing hair black and as a dye for furs. The dye ursol as used 
commercially is a mixture of the meta- and pamAsom^ts of phenylene- 
diamine, and it seems likely that the production of aniline in the 
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tissues is responsible at least in part for the toxic symptoms. It is well 

known that it may cause dermatitis and sometimes asthma in susceptible Dermatitis ‘ 

persons. In 1929 Mayer and Forster examined 181 persons employed 

in the fur trade in which ^<3/'<3-phenylenediamine was used as a dye and 

found that 111 had suffered from dermatitis or asthma. Its systemic 

effects are much rarer and have received less attention. 

Nott fully described a remarkable case of systemic poisoning in the proprietor 
of a hairdressing saloon. This patient had suffered for three years from 
attacks of weakness and vomiting sometimes followed by unconsciousness. 

After a night’s rest the effects disappeared. He was seen in a severe attack, 
when his face was cyanosed and swollen. The lips were violet, the tongue Cyanosis 
swollen, and the gums purple. The patient had been applying phenylene- 
diamine for a considerable time, and after three months’ avoidance of exposure 
to the dye he had no further symptoms. 

Israels and Susman (1934) recorded the death of a girl aged twenty-one who 
for five years had worked in a hairdressing department as a dyer. She used 
phenylenediamine and was provided with rubber gloves, but after she had 
applied the dye she had to shampoo the hair, and for this the gloves were 
removed. At no time had she experienced any affection of the skin directly 
traceable to the dye. She developed toxic jaundice and died of hepatic 
insufficiency after an illness lasting seven months. At necropsy the liver was Necrosis 
small and showed the changes of subacute atrophy with regeneration nodules. 

The patient was evidently unusually susceptible to the poison. 

(4) — Trinitrotoluene 

Before the War (1914-18) little was known about the toxic effects 
of trinitrotoluene, C6HoCH3(N02)3, though indeed in German shell 
factories four-hour shifts were the rule. The War imposed extraordinary 
' conditions and it was soon found that cyanosis, toxic jaundice, and 
aplastic anaemia could occur as a result of poisoning. By 1916 at least 
25,000 people in Great Britain were employed in shell-filling alone. Shell-filling 
Work was carried on under the greatest pressure, and men were 
almost entirely replaced by women. The first symptoms of poisoning Symptoms 
by this compound were drowsiness, headache, nausea, loss of appetite, 
epigastric pain, vomiting, and giddiness. Examination showed some 
degree of cyanosis of the lips, followed by dyspnoea, with marked 
drowsiness and staggering gait. Dermatitis in the form of a diffuse Dermatitis 
erythema often occurred on the dorsal surfaces of the wrists and on 
the face and neck. The symptoms described either came on gradually 
after several days’ or weeks’ work, or they appeared on a hot day 
after a few hours’ work and caused collapse. If cyanosis occurred in 
one in ten of the workers, toxic jaundice probably affected one in 
five hundred. 

Between 1916 and 1919, 407 cases of toxic jaundice were notified and Toxic 
of these 109 died, giving a mortality rate of about 0*05 per cent in all 
persons handling trinitrotoluene. The greatest incidence of jaundice 
occurred in the third month of employment. Premonitory symptoms 
such as drowsiness, giddiness, depression, and dark urine were some- 
times present, but the onset was often quite sudden. Sometimes a 
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latent interval occurred between removal from exposure and the onset 
of jaundice. Thus a woman who left work owing to an injury developed 
jaundice five weeks later (Panton, 1917). The intensity of the jaundice 
varied, and it was sometimes accompanied by irregular fever. The 
prognosis was always uncertain, but grave symptoms of hepatic 
insufficiency sometimes appeared rapidly. The mortality rate for all 
cases was 25 per cent. The morbid appearances were those of yellow 
and red necrosis of the liver with great reduction in its size and weight 
(17 to 36 ounces). The necrosis of the liver cells was associated with 
infiltration and subsequent fibrosis, resembling ordinary portal cirrhosis. 
There was little attempt at regeneration (Turnbull). 

Aplastic anaemia sometimes occurred among trinitrotoluene workers, 
but its incidence must have been very small. In 19 17 Panton investigated 
34 cases of sickness arising among workers handling this substance. 
Of these 28 had toxic jaundice, 6 had aplastic anaemia, and 4 were 
examples of a somewhat severe gastric disturbance without jaundice 
or anaemia. Toxic jaundice and anaemia appeared to be separate and 
independent pathological states. Anaemia might occur without jaundice 
and only about 17 per cent of the jaundiced patients became anaemic. 
The latency of the blood changes was even longer than the latency 
of the jaundice, for it was found that anaemia could develop as long 
as nine months after exposure to trinitrotoluene had ceased. The 
anaemia was usually if not always fatal. At necropsy fatty marrow was 
found throughout all the bones. There was an excess of iron pigment 
in the liver and multiple haemorrhages were found in the tissues 
(Turnbull). 

Studies of the precise occupation of those who contracted jaundice 
(Legge, 1917), together with experimental studies (Moore), proved 
that the skin was the main channel of absorption . Experience in industry 
goes to show that when a poison is absorbed by this route the applica- 
tion of preventive measures is most difficult; trinitrotoluene was no 
exception. By 1918 the risk of poisoning had been greatly diminished 
not by any single precaution but by the combination of several, of 
which alternation of employment, periodical medical examination, 
ventilation, and clean working conditions were the chief. Success was 
not achieved until mechanical means were substituted for the hand 
filling of shells, combined with measures of cleanliness which were so 
precise as to prevent the contamination of the outside of the shells by 
trinitrotoluene. 

(5) — ^Dinitrophenol 

As already stated, the 2-4 isomer of dinitrophenol, C(jH3OH.(N02)2, 
is the one which has toxic properties. These were revealed in the War, 
especially in French shelhfilling factories. The illness begins with 
lassitude and the worker may notice yellow patches on the covered 
parts of the skin, due to excretion in the sweat of dinitrophenol. Tremor, 
excitement, and intense thirst follow, and the face may be slightly 
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cyanosed. In severe cases orthopnoea, hyperpyrexia, and convulsions 

set in and death occurs in a condition resembling uraemia. The urine Urine tests 

is of an orange-yellow colour and gives a diazo reaction which serves 

both quantitatively and qualitatively to determine the amount of the 

poison absorbed, and so to give a clear indication as to when suspension 

and transference to other work are necessary. The reaction is probably 

due to the presence in the urine of the reduction product aminonitro- 

phenol. At necropsy no pathognomonic feature is found; there is no Necropsy 

atrophy of the liver. 

In 1918 when it became necessary in Great Britain to use dinitrophenol, 
the manufacturers profited by the experience in France and took 
extensive precautions. The men employed were provided with a complete Changes of 
set of underclothing and overalls into which they changed from their 
working clothes, a separate cubicle being provided for each man. The 
washing and bathroom faciUties were all that could be desired. Well 
designed exhaust ventilation was applied locally to take away the fumes Exhaust 
in the melting of the compound and also in the filling of shells. Any 
dust that collected around the margin of the shell was removed by a 
vacuum cleaner. As a result of these measures, combined with daily 
examination of the urine, little or no trouble was experienced in the 
use of dinitrophenol, and only one fatal case occurred in England during 
the War (Legge, 1934). 

(6) — ^Aniline 

Aniline, is a colourless oily liquid which darkens on 

exposure to air or light. It is handled in the manufacture of dyes, in Industrial 
the dyeing and cloth-pressing industries, in the extraction of resin, 
and in the rubber industry. 

Aetiology 

Aniline poisoning arises usually from inhalation, but absorption Routes of 
through the skin and less frequently inhalation of dusts of aniline " sorption 
compounds may cause it. In the descriptions of poisoning by nitro- 
benzene stress was laid upon the results of carelessness in the splashing 
of clothes without at once changing them (see p. 173). The same 
dangers apply in the case of aniline. Equally the breaking of vessels 
containing aniline and entering chambers filled with its vapour must 
be avoided. In the absence of efficient locally apphed exhaust-ventilation 
the packing of paranitraniline in powder form may give rise to symptoms. 

Aniline black dyeing sometimes leads to poisoning. 

Clinical picture 

The symptoms of aniline poisoning are similar in all respects to those Anilism 
of nitrobenzene poisoning. The convenient term anilism may be used 
to cover the symptoms produced by most of the nitro- and amino- 
derivatives of benzene. In acute aniline poisoning there is headache, 
weakness, difficulty in breathing, cyanosis, loss of power in the limbs, 
and giddiness. In severe cases the cyanosis is more intense and prostra- 
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tion occurs with a cold moist skin, small pulse, air hunger, and even 
death in coma. When recovery occurs it is often gradual and may be 
accompanied by increased frequency of micturition. 

In chronic poisoning the workers show slight cyanosis, second- 
ary anaemia, and sometimes sleeplessness, headache, giddiness, and 
abdominal discomfort. In hot weather practically all the men exposed 
to aniline and similar compounds in a dye works show cyanosis. 

Preventive treatment 

The manufacture of nitrobenzene and the reduction of nitrobenzene 
and nitrotoluene to aniline and toluidine must take place in closed 
vessels. Even so escape of small quantities of aniline into the atmosphere 
is very difficult to prevent unless ample ventilation is provided. There- 
fore in addition to the technical regulations there must be insistence 
on cleanliness of the work-rooms, personal cleanliness on the part of 
the workers, and provision of baths and changes of clothing. Contact 
with aniline and nitrobenzene especially on the skin, and also the 
spilling and splashing of these fluids, must be carefully avoided. All 
workers must be suitably instructed as to the symptoms of nitrobenzene 
and aniline poisoning and the right steps to take if poisoned. Regular 
medical inspection of workmen is desirable. 

Symptomatic treatment 

Workers, and especially those newly employed, must be under super- 
vision in order that assistance may be rendered them on the first signs 
of poisoning. Medical assistance should be within easy reach. Systematic 
instruction should be given in first-aid methods and the use of apparatus 
for oxygen and carbon dioxide inhalation. The possibility of skin 
absorption must always be borne in mind. A victim whose skin or 
clothing has been splashed with aniline may turn blue in the face and 
begin to stagger. Someone may take him out to thefresh air or administer 
oxygen, when what he most needs is to have his clothes stripped off 
and be given a bath. Workers entering stills and similar chambers 
should always be equipped with breathing apparatus and a supply of 
oxygen. Other aids, such as safety belts which are held by helpers, 
involve certain risks, especially as the rescuer is easily induced to spring 
to the assistance of his unfortunate mate without the necessary breathing 
equipment. The frequency of such accidents calls urgently for the use 
of breathing apparatus. 

(7) — Aniline Tumours of the Bladder 

Workers employed in the manufacture of synthetic dyes sometimes 
suffer from tumours of the bladder, an association first recorded by 
Rehn in 1895. At that date the commercial preparation of aniline dyes 
had been established for some thirty years and had become a flourishing 
industry, especially in Germany. Rehn discovered three cases of bladder 
tumour among a group of forty-five men who were engaged in the 
preparation of fuchsine, and suggested that the condition followed a 
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chronic irritation of the mucous membrane of the bladder by certain 
chemical compounds excreted in the urine over a period of many years. 

In 1912 Leuenberger published eighteen similar cases from Basle and 
offered valuable statistical evidence showing that the incidence of this 
disease was thirty-three times greater among dye workers than among Incidence 
the remainder of the male population. Curschmann undertook a 
systematic inquiry into all traceable cases of aniline cancer from 
German dye factories up to 1920 and was able to collect 177 cases. 

In the British manufacture of synthetic dyes about 40 fatal cases have 
been recorded. Similar observations have been made in the United Other 
States of America, in the Union of Socialist Soviet Republics, and in 
Austria and Italy. The total number of these occupational tumours so 
far put on record in the various countries is approximately 550; this 
does not represent the total incidence. 

The manufacture of these dyes involves the use and production of 
many chemical substances. It is not known which substance attacks 
the bladder, but it seems to be an amino- not a nitro-compound, and 
it is most likely ie^a-naphthylamine. It is possible that no one substance 
is responsible and the following have been accused: aniline, para- Substances 
toluidine,xylidines, naphthylamines, fuchsine, benzidine, and rosaniline. 

The choice of the name ‘aniline cancer’ is unfortunate, since it conveys 
the impression that aniline is the poison responsible for the condition. 

The term ‘amino tumour’ has been suggested by Oppenheimer (1926). 

The difficulties met with in trying to trace the substance really responsible 
are typical of those found in the investigation of all complex industrial 
processes. In the dye industry it is very common to have two distinct 
processes going on in the same room. Further, in the case of a disease 
with such a long latent period, the workman may have changed from 
one factory to another or from one department in the same factory to 
another, each change bringing new compounds into question. Lastly 
the same compounds used in different processes may be attended 
with very different degrees of danger. Thus, in making benzidine there 
may be more actual exposure to aniline vapour than in the manu- 
facture of aniline itself (Hamilton, 1925). 

Hueper, Wiley, and Wolfe (1938) succeeded in producing papillo- Experiments 
matosis and carcinomatosis of the bladder in female dogs by daily 
subcutaneous and oral treatment with i^ef^-naphthylamine (from 300 naphthyl- 
to 450 mgm. daily in capsules) for from twenty to thirty-two months. 

The lesions observed in cystoscopic and histological examinations of 
the bladders of twelve of the sixteen dogs thus treated were identical 
with those seen by these authors in cystoscopic and histological 
examinations of dye workers. The tumours continued to grow and to 
become more numerous in some of the dogs after the treatment had 
been discontinued. In one dog the first neoplasms in the bladder were 
noted several months after exposure had ceased. Metastatic deposits 
were not found in necropsies performed upon the dogs, though in one 
case the carcinoma had invaded the subserosa of the bladder. 
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Clinical picture 

The patient first seeks advice because of haematuria, and cystoscopy 
reveals a papilloma, sometimes benign, sometimes malignant. Macalpine 
(1929) pointed out that there is often a premonitory period in which 
the patient suffers from symptoms of cystitis such as frequency of 
micturition with strangury. He has found the cystoscopic picture to 
differ from that seen in septic cystitis in that the mucosa is more brightly 
red and shows a tendency to mottling. The morbid anatomy and 
histology of aniline tumours appears to be identical with that of other 
bladder tumours. Cases showing metastases occur but are not common. 
The most usual period of exposure is about twelve years, but tumours 
have developed in men who had been working in the dye industry 
from four to twenty-seven years. A number of men may work together 
for thirty years in a dye factory under apparently identical conditions 
and, although bladder tumours may arise early in some of them and 
late in others, the majority never develop any tumours at all. Though 
there is no doubt that aniline and related compounds can be absorbed 
through the skin, cases of aniline tumour of the bladder probably 
arise from absorption through the lungs after inhalation, for members 
of the clerical staff of dye factories have occasionally been similarly 
affected. 

Curschmann (1920) observed that the incidence of bladder tumours 
diminished considerably in the Frankfurt district after the institution 
of various protective measures in the factories, such as general clean- 
liness in the work-rooms, adequate exhaust pipes for the removal 
of the fumes, mechanical transport of chemical products in closed 
containers, and various improvements in the personal hygiene of the 
workmen. Nevertheless bladder tumours still occur in large numbers 
in the dye industry in various parts of the world. 

Workers should know of the tendency of aniline and its compounds 
to produce new growths in the bladder. Soon after the discovery of 
such tumours in 1895 facilities were provided in the HSchst factories 
for cystoscopic examination of every suspicious case. Credit was due 
to the management for this step, and similar measures have now been 
instituted in dye works all over the world. The strongest argument 
for the routine use of the cystoscope in aniline dye works is that men 
have remained well for a number of years after cysto-diathermy of 
a papilloma. Early diagnosis of all cases would ensure removal of 
every papilloma before it did any harm. 


11 -CHLORINATED HYDROCARBONS 

1537.) The rapid growth of the moulded plastic and cellulose lacquer 
industries has led to the extensive use of many new solvents most of 
which were little more than chemical curiosities before about 1925. 
Amongst these are the chlorinated hydrocarbons which have flooded 
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the market largely because the alkali industry requires an outlet for 
its by-product chlorine. The various members of the group are useful Industrial 
as refrigerants, as degreasers of metals, fire-extinguishers, cleansers 
of textiles, solvents for rubber, and thinners of cellulose lacquers. 

They are non-inflammable, non-combustible, and non-explosive, but 
they are far from harmless in their effects on the human body. The 
action of carbon tetrachloride has been extensively studied because of 
its use in hookworm therapy. Tetrachlorethane dramatically attracted 
attention in the War (1914-18), and a mass poisoning from leaking 
refrigerators in Chicago has led to an increase in knowledge of the 
action of methyl chloride. Trichlorethylene has been studied because 
of its extensive use in dry cleaning. 

(1)— Methyl Chloride 

The first cases of poisoning by methyl chloride, CHgCl, in industry 
were reported by Gerbis in 1914. These were two men working in a 
chemical plant, who suff'ered from nausea, vomiting, and restlessness 
followed by somnolence, and then by dimness of vision which did not 
clear up for fourteen days after leaving work. Subsequently forty-one 
cases were reported in Switzerland, Germany, and the United States, 
all of them employed upon making, installing, or repairing refrigerators. 

The famous Chicago cases described by Kegel et al in 1929 were most 
of them non-industrial. They recorded twenty-nine cases with ten deaths. 

Three of the non-fatal cases were industrial. There was a rise of tem- 
perature, pulse, and respiratory rate, usually with oliguria and occasion- 
ally with suppression lasting up to forty-eight hours. Evidence of acute Suppression 
nephritis was found in about half the cases. Anaemia occurred in some 
of the men affected, the red cells dropping as low as 3,100,000 per c.mm. 
and the haemoglobin as low as 50 per cent. Sometimes there was 
leucocytosis with a normal differential count. So far only one case 
has been recorded in Great Britain. The affected person, employed by 
an engineering firm, was engaged in repairing a refrigerator in a private 
house. The symptoms included giddiness, weakness of extremities, General 
sickness, blurring of vision, and pharyngitis, which incapacitated him 
for several days (Bridge, 1931). 

(2) — Carbon Tetrachloride 

Carbon tetrachloride, CCI4, is used in industry as a solvent for fats Industrial 
and rubber, for dry cleaning, for cleaning oil from machinery, and 
under the name pyrene as a fire extinguisher. In animal experiments 
it has been shown to cause necrosis of the liver (Lamson, et al 1929). In Symptoms 
man it may attack both liver and kidneys, but in most clinical histories 
so far pubhshed the symptoms of renal injury overshadow those of 
hepatic injury. The early stages of the illness are characterized by 
persistent headache, nausea, vomiting, diarrhoea, and tenderness over 
the liver, but such symptoms are often followed by ohguria, suppression 
of urine, and uraemia. 
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Deaths in industry from the anaesthetic effects of carbon tetrachloride 
are seldom encountered, though they have occurred from the use of 
this substance as a dry shampoo for the hair. Cases of chronic poisoning 
are not numerous but are rapidly increasing. Boveri (1930) of Milan 
recorded the case of a young man who worked two days degreasing 
with carbon tetrachloride in a poorly ventilated room. On the evening 
of the second day he was suddenly taken ill with vomiting, abdominal 
pain, and vertigo, followed by suppression of urine and coma. There 
was then a slight rise of temperature followed by jaundice, but after 
two months he recovered. Mauro (1930) of Milan reported five cases 
in men occupied in the preparation of an insecticide containing carbon 
tetrachloride. Two were poisoned severely, enlargement of the liver, 
albuminuria, and casts being noted. Subsequently profound diuresis 
occurred and both patients recovered. 

Hcnggeler (1931) reported six cases of poisoning in one family in Rorschach, 
Switzerland. For three days the family worked for long hours cleaning and 
waxing the floors of a large school. The wax, which contained carbon 
tetrachloride, was first heated by the man and then applied hot by the entire 
family. All the patients suffered by the end of the third day from nausea, head- 
ache, and malaise. The man, however, who had undoubtedly breathed more 
of the vapour than the others while heating the wax, became dangerously 
ill with mental confusion, headache, hiccup, nausea, vomiting, diarrhoea, 
and scanty urine loaded with albumin. At the end of three weeks he was 
exhausted and emaciated having lost 29 pounds in weight, but he gradually 
recovered after three months. 

In 1932 McGuire reported from Boston seven cases of poisoning 
among workers passing felt through a warm mixture containing 33*3 
per cent of carbon tetrachloride to remove spots of grease. The symptoms 
caused were smarting around the eyes and mouth, headache, nausea, 
vomiting, diarrhoea, with acute nephritis in one case and jaundice 
with liver enlargement in two. All the patients recovered, the two with 
subacute necrosis of the liver remaining jaundiced for two months. 
Dudley (1935) described two exposures to the vapour of carbon 
tetrachloride sprayed from fire extinguishers in confined spaces in 
British warships and one exposure in a large well ventilated workshop. 
Four men were poisoned in the first two exposures and were kept 
under observation in hospital. They all showed impairment of renal 
function but they all recovered. One suffered from oliguria and jaundice 
and ten days after exposure developed uraemic convulsions. The blood 
urea rose to 302 mgm. per 100 c.c. and the patient was practically 
moribund when on the thirteenth day polyuria developed and he 
unexpectedly rallied. Another man had almost complete anuria for ten 
days, but no jaundice and no other symptoms of uraemia. None of 
the fourteen men who were exposed in the large workshop developed 
any untoward symptom or showed any impairment of renal function. 
Personal idiosyncrasy was striking, since there was no relation between 
the amount of exposure and the severity of symptoms. This author 
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emphasized that the accidents he described cannot be used as an 
argument against the employment of carbon tetrachloride as a fire 
extinguisher. It must be remembered that the prompt use of this liquid 
has saved a multitude of people from death by burning or asphyxiation 
by the poisonous gases which are normally present in smoke fumes; 
while on the other hand it appears that the victims of poisoning from 
the vapour of carbon tetrachloride, even those apparently very ill, 
usually make a perfect recovery. 

In treatment of cases acutely poisoned by exposure to the vapour in Treatment of 
sufficient quantity to cause anaesthesia, it is important that the patient pofsoning 
should not be placed upon the floor of the room where the accident 
occurred, for the vapour is five times denser than air and therefore 
accumulates on the floor. Chronic poisoning should be treated by Of chronic 
alkaline glucose drinks, together with large doses of calcium lactate 
up to 15 grams a day. Calcium gluconate may be given by intramuscular 
injection. The use of sugar and calcium salts is based upon the accidental 
discovery by Minot (1928) that, though carbon tetrachloride causes a 
severe intoxication in dogs on a meat diet, the addition of calcium salts 
to such a diet produces a high degree of tolerance to the drug. The 
symptoms of poisoning are gastro-intestinal irritation and hyper- 
excitability followed by depression. There is a retention of guanidine 
in the blood and a hypoglycaemia. The relief and protection given by 
calcium salts seem to depend upon their antagonistic effect to the re- Calcium 
tained guanidine. She found that when calcium salts were administered 
to poisoned animals the nervous symptoms were relieved and the blood- 
sugar was restored to normal. However, if the blood-sugar was raised 
by the administration of glucose the hyperexcitability persisted until 
calcium salts were given in addition. 

(3) — ^Tetrachlorethane 

Tetrachlorethane, CHClg.CHClg, is a very good solvent for cellulose Use as 
acetate, which, being non-inflammable, is used for purposes for which 
cellulose nitrate, or celluloid, is not adapted. Cellulose acetate was the 
chief constituent of the dope used as a waterproof coating for the wings 
of aeroplanes in the War, and it is now used to make non-inflammable 
cinema film. In 1 9 1 1 Lehmann proved that tetrachlorethane was the most Toxicity 
dangerous of all the chlorinated hydrocarbons, being about four times 
as toxic as chloroform and nine times as toxic as carbon tetrachloride. 

In 1914 Jungfer reported the first cases of industrial poisoning from 
tetrachlorethane. They occurred in Germany in an aeroplane plant 
where eight men were employed spraying a solution of cellulose acetate 
over the linen which covered the wings. Four of the men became Jaundice 
jaundiced, and one died. This incident saved the Germans from serious 
trouble in aeroplane manufacture, for before the outbreak of war the 
use of this solvent in aeroplane doping was prohibited. 

In England the first cases came to light in November, 1914, when 
nineteen workers developed jaundice in an aeroplane works at Hendon. 
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One man died after working eleven weeks as a doper, and it was proved 
that his death was due to tetrachlorethane (Willcox, 1915), The large 
number affected at the same time was due to the fact that a plenum 
system of ventilation was installed in the works and it blew the heavy 
vapour into every corner of the large shed where the work was being 
done. Aeroplane works were springing up all over the country, overtime 
was being worked to the utmost, and all the dope used contained the 
noxious ingredient. Periodic medical examination at fortnightly intervals 
in the 50 or 60 factories was organized. Exhaust ventilation by fans 
which changed the air in the doping rooms 25 to 30 times an hour was 
insisted on, and alternation of employment was recommended. Condh 
tions were ameliorated to such an extent that no outbreak affecting so 
large a number of workers in any hictory occurred subsequently^ but 
there were many isolated cases and deaths, and many workers continued 
to be suspended at the medical examinations. Attempts to solve the 
problem by diminishing the quantity of tetrachlorethane in the dope 
failed, for even as little as 10 percent proved to be dangerous. Pressure 
was brought to bear to find a substitute for tetrachlorethane and in 
July, 1917, the War Office and Admiralty were able to announce that 
no dope containing tetrachlorethane was being made or used. Seventy 
known cases of toxic jaundice with twelve deaths had been reported 
up to that time (Leggc, 1917). 

The symptoms of poisoning arc a general malaise, loss of appetite, 
nausea, headache, and constipation. After indefinite .symptoms of this 
kind lasting several days or even weeks jaundice develops, and vomiting 
is then likely to become more marked. In fatal cases necrosis of the 
liver is found in the form of acute red and yellow atrophy. In one 
case the liver weighed only 19 oz. Minot and Smith (1921) found that 
the blood changes in mild poisoning coHvSist of an increase of large 
mononuclear cells up to 40 per cent, with a slight elevation of the 
white count. Parmenter (1921) used the above test in order to detect 
early poisoning among the workers in a silk factory, and claims that 
he prevented in this way the development of a single case of jaundice. 
Amyl acetate can often be used as a solvent in place of tctrachlor-' 
ethane, 

(4) — ^Trichlorethylene 

The purveyors of trichlorethylenc, CHChCClg, recommend it as an 
ideal non-inflammable non-poisonous solvent, but experience shows 
that it is far from harmless. It is used extensively in dry cleaning and 
it has assumed an important place in the list of fat and rubber solvents 
displacing to some extent carbon tetrachloride, Stiiber (1931) recorded 
no less than 284 cases of poisoning from trichlorethylenc, including 
twenty-six deaths, in German industry; she described the powerful 
narcotic effect of trichlorethylene, loss of consciousness having occurred 
in 117 cases. Twelve of the deaths occurred in men who failed to recover 
consciousness after prolonged exposure to a large dose. Chronic 
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exposure has been held responsible for paralysis of the sensory fibres of 
the fifth nerve, and also for retrobulbar neuritis followed by optic 
atrophy. An indirect form of injury to the eye has been noted by the 
German factory inspectors who have found corneal ulcer resulting Corneal ulcer 
from a foreign body in the eye, the workman not having been aware 
of its presence because the cornea had been rendered insensitive. 

Apparently trichlorethylene is not so likely to attack the liver as 
tetrachlorethane. Willcox (1934) described a case of toxic jaundice in a 
boy aged 16 years who had been employed dipping safety razor blades 
into a tub containing trichlorethylene. Before admission to hospital 
he had been jaundiced for a month and had frequently vomited. The Jaundice 
temperature was normal and the liver enlarged. There was a little 
albumin in the urine. Gradually the jaundice cleared up and the liver 
became normal in size. 

When solutions containing trichlorethylene are applied to the in- Precautions 
terior of closed vats the men should w^ork in pairs, relieving each 
other frequently. The man in the enclosed space should be provided 
with a life-belt and also with an apparatus through which he can 
breathe air from outside. The use of capsules of trichlorethylene for Therapeutic 
trigeminal neuralgia is inadvisable. After its introduction about 1925 
this mode of therapy remained popular for some time but eventually 
proved disappointing. 


12 -OTHER ORGANIC COMPOUNDS 
(1) — Carbon Disulphide 

1538.] Carbon disulphide (CS 2 ) is a colourless hquid becoming yellow 
on standing under the influence of light, with an ethereal odour when 
pure but a very unpleasant smell if impure. It has an extremely low 
auto-ignition temperature so that even contact with a warm steam 
pipe or electric lamp bulb may be suflBcient to cause ignition of the 
vapour. The minimal explosive mixture in air is 19 volumes in 1,000. 

Carbon disulphide is used in the rubber industry, in the manufacture Industrial 
of artificial silk, in extraction processes, in pharmaceutical processes, in 
the manufacture of waterproof cements and transparent paper, in the per- 
fume industry, in the manufacture of matches, and as an insecticide 
for vines and tobacco plants. 

Late in the nineteenth century cases of poisoning in which mental History 
symptoms predominated were described (Laudenheimer, 1899). About 
this time factories were known in which the windows of the vulcanizing 
room had been barred to keep men in an acute stage of poisoning from 
leaping out during attacks of mania. 

Inhalation of concentrated vapours of carbon disulphide causes a Acute 
narcotic condition preceded or followed by delirium and accompanied 
by dilatation of the pupils, loss of reflexes, and in severe cases respiratory 
paralysis and death. Slighter cases are characterized by headache, 
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giddiness, breathlessness, voimting, precordial and abdominal pain, 
and palpitations. The symptoms may subside rapidly on removal of 
the patient to the fresh air or some may persist for several weeks or 
even months after an acute attack* 

The symptoms of chronic poisoning have been classed as psychopathic, 
Parkinsonian, polyneuritic, or gastro-intestinal. Mild chronic poisoning 
is characterized by fatigue, giddiness, heaviness and pain in the limbs, 
increasing pain in the forehead and temples, restlessness, and difficulty 
in concentration accompanied by tingling in the legs. The psychosis 
which sometimes occurs is most commonly of the maniacal type with 
acute confusion, delirium, and hallucinations* The disorder may 
subside after a few months or may pass into incurable dementia 
(Peterson, 1892). In persons disposed to hysteria carbon disulphide 
may act as an exciting agent (Pierre Marie, 1888). A number of cases 
are characterized by the tremor, muscular hypertonicity, ataxy, and 
mental depression of the Parkinsonian syndrome (Quarelli, 1930). In 
a typical case weakness of the limbs, irritability, and seborrhoeic Picies 
are seen. The most noticeable physical sign is tremor suggesting 
paralysis agitans affecting arms, hands, tongue, face, and eyelids. In 
the polyneuritic syndrome there is loss of power in the muscles of the 
upper and lower limbs so that the gait is unsteady and the grip weak. 
Loss of sensation is less constant than loss of motor power, but in 
severe cases anaesthesia has been present from the chin downwards. 
Diminution of visual acuity progressing to amblyopia occurs in a few 
cases. It may be due to retrobulbar neuritis and a bilateral central 
scotoma for colours has been recorded. Nausea, vomiting, abdominal 
pain, and constipation arc common early symptoms of chronic poison- 
ing. Anaemia with a low colour index is sometimes seen but is rarely 
severe. Impotence has been recorded. 

The manufacture, handling, and use of carbon disulphide should be 
carried out as far as possible in air-tight closed automatic apparatus. 
Ventilation of the work-rooms should be by dovv^nward exhaust ventila- 
tion at floor level Workers should stand on platforms and not work 
in pits. Substitutes for carbon disulphide with less toxic properties 
should be adopted whenever practicable, as for example carbon tetra- 
chloride, trichlorethylene, and acetone, according to the precise process 
in question* Alternation of employment with rest periods, or work in 
shifts should be arranged. Waterproof clothes, gloves, and footwear 
are necessary, but clothes, walls, and floors readily become impregnated 
and require to be frequently and thoroughly cleaned. Regular medical 
examination is called for, and every workman showing tremor of the 
hands, weakness of the legs, or a visual defect should be transferred 
at once to other work or rejected altogether. Susceptibility may manifest 
itself afresh, even after prolonged treatment, as soon as further exposure 
takes place. Susceptible persons should not be employed. Special pre- 
cautions should be taken against the risk of explosion and fire. 
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(2) — ^Acetone 

Acetone, CH 3 .CO.CH 3 , is an excellent solvent for cellulose acetate Industrial 
and nitrocellulose; it is used in making celluloid, artificial silk, and 
cordite. No cases of chronic poisoning from acetone have ever been 
reported. If inhaled in excess it has a stupefying effect like that of Mild acute 
alcohol but nothing worse. effects 

(3) — ^Diethylene Dioxide 

Under the trade name dioxan, diethylene dioxide, (C 4 H 8 O 2 ), is used as Industrial 
a degreaser, as a solvent for nitrocellulose coatings, in the manufacture 
of artificial silk, and in the preparation of paint removers. According 
to Yant et al (1930) acute poisoning from the vapour consists in irrita- 
tion of eyes, nose, throat, and bronchi with narcosis if the concentration 
is high. 

In 1934 Barber recorded the deaths of five men which occurred from 
exposure to dioxan in the manufacture of artificial silk in a works Artificial 
near Derby. The process on which they were employed had been in use 
for a considerable time, but for four or five weeks before they became 
ill exposure to the vapour was intensified by the speeding up of work 
on one machine. All the men who died worked on this machine. 

Diethylene dioxide is not highly volatile under ordinary conditions, 
but here the men in the course of their duties had to put their heads 
into the vat containing the noxious substance. 

The premonitory symptoms were nausea, vomiting, and abdominal General 
pain. In two cases an abdominal emergency was diagnosed. In no case 
was there jaundice to indicate necrosis of the liver. From about the 
third day of the illness the urine was scanty, and in one case it was 
found to contain blood and albumin. The symptoms of uraemia with Urinary 
suppression of urine were predominant after the first few days and death ^y^P^^^ 
occurred in about a week. In one case the blood urea reached 346 mgm. 
per 100 c.c. The blood count in three cases showed no anaemia nor Bload picture 
change in the red cells, but a leucoc 3 dosis (24,000 leucoc 3 rtes per c.mm.) 
with a high percentage of neutrophils was found. In the four cases 
submitted to necropsy haemorrhagic nephritis was found, associated Morbid 
with areas of necrosis of the liver without bile staining or fatty change, 

Absorption evidently occurred by inhalation and the severity of the 
changes in the kidneys suggests that death was due to the great increase 
of the dose which occurred when the process was intensified. 


13.-INJURIES FROM X-RAYS 

1539.] Within three months of the announcement by Rontgen of his 
discovery of X-rays in November 1895 it became known that con- 
junctivitis could occur after some hours of exposure to irradiation. 
Within a year erythema, swelling and necrosis of the skin, alopecia, 
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and chronic radio-dermatitis were reported. In 1897 attention was 
directed to the acute constitutional symptoms, namely, colicky 
abdominal pain and diarrhoea. By 1902 Codman was able to collect 
171 cases of accidental X-ray burns, less than half of which were serious 
X-ray and about one-third of which occurred in X-ray workers, More than 

pioneers two-thirds of these injuries occurred in the first two years of the use 

of X-rays. In 1902 a case of cancer was recorded following chronic 
ulceration caused by X-rays, By 1911 Hesse collected 94 such cases, of 
which 54 occurred in medical men or technicians, and in 1914 Feygin 
tabulated 104 cases of malignant disease caused by X-irradiation. 

First death The first death recognized as due to the action of X-rays occurred as 
recently as 1914 in a radiologist, Tiraboschi of Bergamo, 

He had worked for 14 years with X-rays and had taken no precautions. 
For several years he had had a radio-dermatitis of the left hand and of the 
right side of the face. In the last three years of his life he lost his strength 
and became pale. Finally he bled from the gums and necropsy revealed 
aplastic anaemia together with atrophy of the testes (Faber, 1923). 
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In 1922 Ledoux-Lebard estimated that 100 radiologists had died from 
malignant disease due to their occupation. 

Deaths occurred among radiologists exposed to X-rays before the 
importance of adequate protection was realized and unfortunately still 
occur. So far nearly all the victims have been research workers, radio- 
logists, laboratory assistants, technicians, and nurses. 

Cases of industrial origin did not occur until later, because the use 
of X-rays in industry began later. Industrial workers, unlike professional 
workers, are often quite ignorant of the possible dangers of the apparatus 
they use, so that industry is now, with respect to the use of radio-active 
substances, about where medical practice was in 1914. There is, how- 
ever, no reason why the lamentable history of the pioneers in the 
medical field should be repeated. The human experiments have been 
made, the tragic results of carelessness demonstrated, and the measures 
necessary for adequate protection arc known and available to anyone 
who cares to learn them. 

The possible uses of X-rays in industry are many and varied, but 
apparently little developed as yet. They may be used for the detection 
of defects, cracks, and blowholes in castings, of defects in alloys from 
faulty mixture, of corrosion in cables or gas cylinders, and of defects 
in reinforced concrete or in welding. Rubber heels may be examined 
by the fluoroscope to see if the metal plate is in the centre. X-rays are 
also used to sort fresh eggs from stale, to reveal mineral adulterants in 
vegetable foods, and weevils in grain. For the examination of metals 
and all thick specimens very penetrating rays must be used. 


Clinical picture 

Injuries which follow a short single exposure, or perhaps several 
exposures, may vary enormously in intensity. In mild cases there is 
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simply a transient reddening, lasting a few days and followed by scaling 

and loss of hair. If the burn is deeper, blisters appear which may be X-ray hums 

serous or purulent, and the condition resembles that following a scald 

but is less acute and slower to heal. Sometimes the process, instead of 

disappearing in a few weeks, penetrates to the deeper layers of the skin 

and to the subcutaneous tissues with the formation of a leathery slough 

surrounded by a brawny indurated swelling with ill defined limits. The 

process is exceedingly slow and obstinate and has a tendency to progress 

and to resist treatment in a remarkable way. It is at times very painful. 

In chronic X-ray dermatitis the changes in the hands begin round the Dermatitis 
base of the nails as a peculiar erythema and gradually increase. Trans- 
verse and longitudinal ridges appear on the nails, which become brittle, 
assume a characteristic dirty brown appearance, tend to separate from 
the matrix, and eventually thicken and form shapeless masses. The skin 
becomes uniformly red and atrophied; small warts appear, increase in Warts 
size and number and, when situated over the knuckles, crack and 
cause much pain. Later the dry thickened skin shows telangiectases, 
absence of hair, paronychia, and ulcers which are slow to heal and Ulcers 
prone to break down. The hair follicles and the sebaceous and sweat 
glands completely disappear in cases of long standing. The freedom of 
the palms of the hands may be due to the naturally thicker skin there, 
but the greater liability to exposure of the backs of the hands and 
fingers is probably the more important factor. The lesions are as a rule 
slowly progressive. Post-irradiation telangiectases, which have been Telangi- 
regarded as compensatory for obliteration of the vessels in the corium, 
usually appear within two years, and sometimes in the absence of an 
initial erythema; in some instances the interval between irradiation and 
the appearance of telangiectases is prolonged, even to fifteen years. If 
exposure is continued the lesions may progress to involve the tendon- Lesions in 
sheaths and joints. There may be intense pain of which the severity is 
out of proportion to the size of the lesions; it is caused by the exposure 
of nerve-endings. 

Squamous-celled carcinoma is almost always the form of malignant Squamous- 
disease which has followed excessive X-ray exposure and long con- 
tinned X-ray dermatitis in man. Although most often seen in radio- 
logists and manufacturers of X-ray apparatus, X-ray carcinoma may 
also occur in patients who have undergone treatment by X-irradiation. 

In 1914 Feygin collected six cases of this kind. One of the earliest 
victims of X-ray carcinoma was a man engaged in the manufacture of 
X-ray lamps (Frieben, 1902). The interval between the onset of chronic 
X-ray dermatitis and the appearance of malignant disease varies from 
three to twenty-seven years. The average of 35 cases was seven years 
(Feygin). The age incidence from 35 to 50 is comparatively early, that 
of ordinary carcinoma of the skin being between 55 and 58. The most 
frequent site of the growth, which is not uncommonly multiple, is on“ 
the backs of the hands and fingers, and the hand more exposed appears 
to be the one more severely affected, the left in radiologists and the 
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right in those engaged in llie inanufacture of apparatus (Feygin). 
Among radiologists carcinoma usually develops in an ulcer, less often 
in keralolic areas. The predominating symptom is pain, which may 
be constant and very severe and has been ascribed to invasion of the 
terminations of nerves by the growth and to a neuritis. 

Occasionally basal-celled carcinoma results from X-irradiation. In 
one case a basal-celled carcinoma of the scalp appeared eighteen years 
after epilation for ringworm (Burrows). A case has also been recorded 
of multiple basal-celled carcinomas on the trunk of a radiographer 
(O’Donovan, 1927). 

Constitutional symptoms only became prominent after the introduc- 
tion of deep X-ray therapy, in which massive doses of deep penetrating 
rays were given. 

In 1923 A. B. Barclay gave the following description of his own symptoms. 
After 12 years’ work and much screen examination with inadequate protection 
during the War, he began to have painless attacks of profuse diarrhoea, at 
first without other symptoms but later attended by initial malaise, nausea, 
vomiting, and on a few occasions by the passage of intestinal casts. Eventually 
it became necessary for him to give up work and the symptoms then ceased 
after three weeks. Return to work was followed by an attack 20 days later, 
and on eight occasions such an interval of 18 to 20 days was definitely 
established. He then adopted ihc most efficient means of protection known, 
a lead apron to cover the abdomen, and remained free from further attacks. 

Severe constitutional symptoms may occur. They are nausea, uncon- 
trollable vomiting, sometimes with hacmatemesis, diarrhoea with the 
passage of blood, abdominal pain and distension, fever up to 104° F., 
restlessness, profound prostration, progressive cardiac failure, small 
rapid pulse, and dyspnoea. When death has occurred it has usually 
taken place about the fourth day from the onset. Both animal experi- 
ments and necropsies of human victims show that the application of 
X-rays to the abdomen may result in necrosis of the intestinal mucosa. 
As long ago as 1905 unsuspected sterility was found in eighteen persons 
who had for various periods been exposed to X-rays (Brown and 
Osgood). As acute degenerative changes arc known to follow vigorous 
irradiation in almost all the organs of the body, the development of 
chronic fibrosis should be anticipated as a further result. In two of 
the famous radiologists who died from X-ray injuries, Tiraboschi and 
Nordentoft, necropsy revealed fibrous atrophy of the testes (Faber). 
Changes in the blood in X-ray workers were early noted and have 
been extensively studied. The lymphocytes are first increased in number 
by small doses of X-rays, then diminished. The red cells may also be 
increased at first, but anaemia sets in later and may become very 
extreme. In patients who recover the anaemia is slower to disappear 
than is the leucopenia. Tiraboschi died of a profound anaemia evi- 
dently aplastic in character (Faber, 1923). To-day the possibility of 
exposure to radium should always be excluded before attributing 
aplastic anaemia in an X-ray worker to X-irradiation. 
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Preventive treatment 

Methods to protect the X-ray worker from injury have been worked 
out all too slowly. Within the first few months after their discovery it 
was found that X-rays were stopped more effectively by lead than by Protection 
any other common metal. Hence lead for protection came into use 
very early. To-day lead, lead glass, lead rubber, and lead bakelite are 
extensively used. Transparent lead glass windows in tube containers 
were first used about 1900. At that time the need for protecting both 
operator and patient during radiographic exposure was very great, 
because low voltages were used with consequent long exposure to a 
very soft and easily absorbed radiation. For example, to radiograph 
the spine required exposures up to one hour. That the radiologist was 
not more frequently affected by the scattered radiation of such exposures 
was due to the fact that during them he might retire to another room 
to see other patients. About 1903 there appeared a multitude of 
protective devices to be worn by the radiologist, including apron, jacket, 
gloves, and goggles. This type of protection gradually reached its peak 
about 1914, when necessity threw caution to the winds and the more 
elaborate devices gave place to means of protection which were built Built-in 
into the apparatus. To-day there is international agreement as to the 
most effective methods of prevention. In Great Britain such methods 
have been widely adopted and, although they have no strictly legal 
recognition, powers of inspection and approval have been placed in 
the hands of the National Physical Laboratory. 

It is important that the industrial physician should plan measures for Protection in 
the protection of employees against the dangers of X-irradiation, for 
in large manufacturing establishments there are X-ray departments 
for diagnosis as extensive and as much used as the average hospital 
department. Here the problem may include protection of workers in 
neighbouring rooms, for unless walls and floors are very thick or are 
rendered impermeable by the use of lead. X-rays may pass through 
them and cause injury. 

Symptomatic treatment 

X-ray carcinoma should be treated by radium or by diathermic 
coagulation. H. Bordier, a victim of the disease, claimed that radium 
aggravates the dermatitis, as occurred in the case of his teacher 
J. Bergonie of Bordeaux. Bordier strongly recommended diathermic 
coagulation under a local anaesthetic and J. Nicholas, who was himself 
treated in this way, confirmed the benefit obtained by this method. 

Aplastic anaemia should be treated by repeated blood transfusions. 


14~INJURIES FROM RADIO-ACTIVE SUBSTANCES 

1540.] Considering the much larger number of workers in X-rays than 
in radium, the gamma rays of radium appear to have a greater tendency 
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than X-rays to caUvSc aplastic anaemia; this impression is supported by 
the experimental evidence that the penetrative gamma rays of radium 
reach the bone marrow more readily than do X-rays (Mottram). 
Examination of the workers in the London Radium Institute where 
radium applicators are prepared and tested, and also of hospital 
attendants who apply them, revealed a low white-cell count in more than 
half the cases examined (Mottram and Clarke). In the workers definitely 
exposed to radium the red-cell count was low as compared with 
employees not so exposed. Three fatal cases of aplastic anaemia occurred 
in this Institute, one in a nurse and two in laboratory assistants. Weil 
and Lacassagne reported the cases of two chemical engineers working 
with radium and thoriuni-X. One of them died of aplastic anaemia and 
the other, although exposed to the same form of radiation, died of 
typical myeloid leukaemia. Attractive as it might be to suppose that 
small doses of X-rays or radium exert a stimulating action on the bone 
marrow, this idea is speculative, and at present it is safer to be content 
with the view that the occurrence of leukaemia in workers with radium 
and X-rays is a coincidence (Rollcston). 

The chief use of radium salts in industry has been in the manufacture 
of luminous paint for the figures of clocks and watches and certain 
important parts of the machinery of aeroplanes. There is an interesting 
but rare form of industrial risk from the swallowing of radio-active 
substances in this work. This has occurred at two factories only, one 
in New Jersey and the other in Connecticut (Flinn). Twenty deaths 
have occurred, 16 of girls employed in painting luminous dials and 4 
of chemists or physicists. In the New Jersey works 48 cases, of which 
18 were fatal, occurred among some 800 workers who were employed 
there from 1917 to 1924. 

Dermatitis due to radium, isolated by the Curies in 1898, was reported 
in October 1900. In December of the same year Giesel published an 
account of the skin lesion caused by exposing his arm for two hours to 
a celluloid capsule containing radium bromide. In the following year 
Becquerel, the discoverer of radio-activity, and P. Curie described their 
own experiences; Becquerel had carried an insufficiently protected tube 
of radium salts in his waistcoat pocket for six hours; after a week the 
skin became red and eleven days later it ulcerated. Curie repeated 
GiesePs experiment, keeping radium chloride in contact with his skin 
for ten hours, and in three weeks’ time an ulcer appeared. Dermatitis 
has since been reported in a number of persons engaged in making 
radium preparations and less often in medical men. 

In the New Jersey watch industry most of the cases occurred from 
four to seven years after the girls had left the works. The ill effects 
included severe anaemia, sometimes aplastic, necrosis of the jaw, 
spontaneous fractures, and sarcoma of bone. The results of an inquiry 
into this occupation in the United States were summarized by Martland 
(1931). The paint consisted of crystalline phosphorescent zinc sulphide 
rendered permanently luminous by the addition of a very small proper- 
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tion of insoluble sulphates of radium, mesothorium, and radiothorium. 

The girls affected introduced the paint into their mouths through the Ingestion of 
habit of pointing the brush between their lips, and swallowed it for 
periods of from one to four or more years. The insoluble radio-active Deposition in 
materials became deposited in the body to such an extent that even 
during life radio-active emanations could be detected in the expired air. 

After death the bones were found to be the tissue in which the materials 
had mainly accumulated. The anaemia resulted from the continuous 
bombardment of the haematogenous marrow by alpha particles and it 
was found that these changes were quite different from those due to 
external irradiation with beta and gamma rays only. The necrosis of Necrosis of 
the jaw was similar to that produced by phosphorus and is attributed 
to infection supervening upon changes in the bones. 

Radio-activity in the bones and teeth could be demonstrated by auto- Auto- 
photography. Dental films in dark paper envelopes when strapped to 
the bones showed photographic impressions in from fourteen to thirty 
days. The outlines of metal clips and coins placed between the bone and 
the surface of the film were clearly visible. These autophotographs were 
produced by beta and gamma rays coming from deposits in the bones, 
the alpha rays being screened and filtered out by the paper covering 
the dental fiJm. The bones when placed directly on photographic plates 
or films produced photographic impressions in as short a period as 
three days. After seven days’ exposure the irregular distribution of the 
radio-active deposits could be plainly ascertained. Bones incinerated to Deposits in 
a white ash and given thirty days in which to regain their equilibrium, 
when placed on photographic films produced photographic impressions 
in from two to three days’ exposure (Martland and Humphries). 

Dr. S. A. von Sochocky, research chemist and technical director of the 
company in which the New Jersey cases occurred, died of aplastic anaemia 
in 1928 (Martland, 1929). The luminous paint used by the girls in the factory 
was made according to a formula which he had worked out. From 1913 to 
1921 he personally extracted about 30 grams of radium from the ore and 
was exposed continually to heavy penetrative radiation. He was also exposed Radio-active 
to the inhalation of radio-active dust in the crystalhzing laboratory and on 
four occasions to explosions of tubes containing high concentrations of 
radium and mesothorium. He had an extensive radium dermatitis of the 
fingers of both hands and later developed necrosis of the jaw with buccal 
lesions. In 1925 he devised methods for measuring the amounts of radio- 
activity in the bones at necropsy. At this time he tested his own expired air 
and found larger amounts of emanation than in any of the factory girls 
examined. He thus realized the hopelessness of his own condition but was 
stoical to the end. He was in a fair state of health and able to do his work 
until August, 1928, when he became weak, pale, and dyspnoeic. Blood 
examination showed red cells 1,720,000 per c.mm., haemoglobin 28 per cent. Aplastic 
white cells 4,000 per c.mm., with polymorphonuclears 48 per cent. Later the 
white-cell count dropped below 2,000 with scarcely any granular cells. The 
blood platelets dropped to less than 40,000 per c.mm. Ultimately he was kept 
alive by 13 blood transfusions varying from 450 to 900 c.c. and given every 
fourth day. Except for a fine purpuric eruption over the extremities, which 
E.M. VOL. xn o 
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appeared in crops, there was no bleeding until the last. He died a horrible 
death, with haemoptysis, haematuria, retinal haemorrhages, and terminal 
broncho-pneumonia. Necropisy showed radio-active deposits in the lungs, the 
portal of entry evidently having been the respiratory tract. 

In certain cases anaemia and necrosis of the jaw did not occur, but 
after a number of years generalized changes in the bones developed ‘ 
with deformities and sometimes spontaneous fracture, a condition 
known as radiation osteitis. In addition to the seventeen deaths from 
intractable anaemia and two from necrosis of the jaw, one girl died in 
1924 from a sarcoma of the femur and another girl in 1927 from a 
sarcoma of the scapula. The painting of dials was prohibited in 1924. 
Since no farther cases of anaemia had appeared by 1929, there seemed 
reason to hope that the danger was over; but in the following two years 
three more deaths occurred from the same cause. AUogeiher, therefore, 
there have been twenty cases of death from occupational mesothorium 
and radium poisoning, of which live were due to a bone sarcoma. 

It is interesting that the watch-dial industry has revealed a carcinogenic 
agent hitherto unknown, namely, continuous bombardment by the alpha 
particle. Although this agent is quite dilTerent from all other known 
carcinogenic agents, and although its action is continuous, there is the 
usual prolonged period before malignancy becomes manifest. The alpha 
particle can be held responsible because more than 92 per cent of the 
radiation coming from the bones arc alpha and only B per cent beta 
and gamma. The total amount of radio-active material in the deposit 
necessary to produce fatal results is extremely small; 0*01 mgm. 
distributed over the whole skeleton is sullicicnt to produce a terrible 
death years after it has been ingested. Radium is thus the most deadly 
poison known; tetanus toxin previously held the record with a lethal 
dose of 0-22 mgm. 

The alpha particles, consisting of the nuclei of helium atoms, are shot 
out with great force, travel at a high speed, and possess an enormous 
momentum on account of their mass which is much greater than that 
of beta rays. They collide with other atoms with powerful impact, 
which disrupts them and produces molecular chemical changes. Thus 
alpha particles decompose water into hydrogen, oxygen, and hydrogen 
peroxide, and hydrochloric acid into hydrogen and chlorine, expending 
locally about 100 times as much energy as beta rays and acting in a 
manner correspondingly more destructive of human tissues. 

It is obvious that ingestion or inhalation of radio-active materials 
in industry is highly dangerous and that all occupations involving the 
handling of such substances should be strictly controlled and supervised. 
Outside New Jersey and Connecticut the practice of pointing the brush 
with the lips is unknown. The International Labour Office found by 
inquiry from watch factories in Switzerland, France, Germany, Austria, 
Great Britain, and Belgium that the painting in those countries is 
done with a stylet which is not sucked, and that no ill-effects have 
been observed. In Great Britain the number of workers in this trade 
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in 1925 was less than ten. The paint contained 0*0375 mgm. of radium 
bromide per gram of zinc sulphide. Out of seven British women engaged 
in luminous painting for periods of one to ten years, two showed a 
relative diminution in the number of polymorphonuclear leucocytes 
and one showed leucopenia with 21 per cent of polymorphonuclear 
leucocytes (Legge). 

Though medical practice is now almost safe so far as X-irradiation 
is concerned, matters are very different in the case of radium. There is 
no doubt that many people are affected by handling radium, chiefly 
by the gamma rays. Their penetrating power is so great that it is not 
practicable to protect completely those who handle radium. The British 
X-ray and Radium Protection Committee have had investigations 
made in the radium centres throughout Great Britain from 1930 
onwards, and not uncommonly one or more of the radium personnel 
shows signs of too much radiation. In the case of those who carry 
radium about, the weight of lead they can bear to carry only partly 
protects them. The surgeon handling radium also is ill-protected. In Surgeons 
the case of a man using 120 mgm. of radium for treatment of carci- 
noma of the cervk uteri, protection is very difficult as each time he 
has to handle radium closely and carefully (Russ). 
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OESOPHAGUS DISEASES 


1. -ABNORMALITIES 

Congenital 1541.] Congenital abnormalities of the trachea are rare, but the form 
abnormalities associated with congenital atresia of the oesophagus, in which the 
upper part of the oesophagus forms a blind pouch, is of some clinical 
importance (see Fig, 6^ The lower portion narrows as it ascends from 
the cardiac end of the stomach and terminates superiorly by opening 
into the posterior aspect of the trachea above the bifurcation (see also 
Oesophagus Diseases, VoL IX, p. 291). The infant has great difficulty 
in swallowing and milk is regurgitated with coughing and retching; 
he becomes dyspnoeic and cyanosed and death occurs in a few days. 
A method of surgical management of these patients has been described 
by Leven (1936). 
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Tracheocele, sometimes known as aerocele or hernia of the trachea, Tracheocele 
consists in weakness in the wall of the tube through which its mucosa 
bulges. The protrusion may give rise 

to a cyst-like swelling in the neck, ® 

which is resonant on percussion. 

It is often possible to reduce tem- 
porarily the tracheocele by pressure. 

The trachea can often be palpated Displacement 

in the middle line just above the 
suprasternal notch and its deviation 
to one or other side recognized by 
the loss of the usual sense of re- 
sistance in the middle line; but 
radiology is of far greater value 
in demonstrating alterations in its 
position throughout its whole length 
(see Plates IV and V). In the normal 
radiograph the trachea is seen as a 
clear stripe extending from the level 
of the cricoid cartilage to its bifurca- 
tion opposite the body of the fifth 
or sixth dorsal vertebra. After injec- 
tion of lipiodol a very clear picture 
of the trachea is obtained. The 
trachea, like the apex beat, is dis- 
placed towards the affected side in 
collapse and fibrosis of the lung and 
away from the side of the lesion 
in pneumothorax and pleural effu- 
sions. Its most marked deformity 
is kinking or curvature towards 
an apex of a lung contracted and 
fibrosed from a tuberculous lesion 
(see Plate V, a). In severe scoliosis 
the trachea is deviated towards the 
side which corresponds to the con- 
cavity of the spine. Other types of 
alteration in the position and shape 
of the trachea, due to pressure on 
its walls, are dealt with on page 207. 



Direction of 
displacemem 


Fig. 6. — Congenital atresia of oeso- 
phagus with tracheo-oesophageal 
fistula, (a) Upper part of oesophagus 
is of normal width superiorly but 
slightly dilated at lower end where 
it ends blindly at level of tracheo- 
oesophageal fistula, {b) Lower por- 
tion of oesophagus communicates 
with trachea by an opening situated 
above the bifurcation. A glass rod 
can be seen passed from the trachea 
into the oesophagus through the 
tracheo-oesophageal fistula. (This 
and Fig. 7 from specimens in the 
Museum of the Royal College of 
Surgeons of England, London) 


2.-INFLAMMATION 
(1) — ^Acute Tracheitis 

1542.] The trachea is often involved in infections of the larynx and 
bronchi but the resulting tracheitis may remain undiagnosed, being 
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Diseases 
misiftff acute 
tracheitis 


Faison gases 


Symptoms: 

cough 


Fain 


masked by the more obtrusive laryngeal or bronchial symptoms. 
Occasionally, however, the trachea may be the primary seat of the 
alTcction or may sulTcr (he main brunt of the attack, as in influenza 
and mustard-gas poisoning. 

Any virus or organism capable of producing catarrhal conditions of 
the upper respiratory tract may cause acute tracheitis. In influenza 
inflammation of the trachea often gives rise to an intense hypcracmia — 
the so-called ‘pink trachea’. In diphtheria the trachea may be involved 
with the larynx and failure of intubation or tracheotomy to relieve 
difficulty in breathing is often due to membrane in the tracheii. 
Chicken-pox and smallpox may be complicated by acute tracheitis, 
and in anthrax inflamed and oedematous patches may be present in 
the lower part of the trachea and large bronchi. In enteric fever small 
ulcers have been found in the trachea, and in measles it shares in the 
general catarrhal condition of the respiratory passages. It has been 
suggested that in whooping-cough the infection starts in the trachea 
and that the whoop is due to a secondary enlargement of the tracheal 
glands. 

Tracheitis due to gas poisoning has become a subject of importance 
since the war 1914-18. The trachea may be involved in chlorine and 
phosgene poisoning, but the most marked effects arc found in mustard- 
gas poisoning (sec also Vol. V, p. 507). The tracheal mucosa shows 
the most severe inflammation, and necrosis of the superficial layers 
results in the formation of a yellowish-grey slough. On separation of 
this false membrane the wall of the trachea is left red and glistening. 
The infected debris tends to accumulate in the finer bronchial tubes, 
leading to septic broncho-pneumonia or localized abscesses. 

The cough has typical manifestations; it is non-productive, hacking, 
and somewhat metallic; irritating and distressing to the patient, it 
tends to be paroxysmal and worse after going to bed and during the 
night. It is often relieved by taking food and especially by a hot drink. 
Acute tracheitis is accompanied by rawness, tightness, or discomfort, 
sometin\cs amounting to pain, in the lower part of the neck and behind 
the upper part of the sternum. This retrosternal discomfort is aggra- 
vated by coughing. 

Absence of abnormal clinical signs suggests tracheitis. In uncompli- 
cated tracheitis the voice is unaffected, and on auscultation of the chest 
rhonchi and other adventitious sounds are absent. 

At first there is no sputum but on the second or third day the cough 
becomes softer and some mucus is expectorated, which in intense 
inflammation, as in influenza and gas poisoning, may be streaked with 
blood. Later the sputum becomes muco-purulent. For days or weeks 
the trachea may remain irritable and paroxysms of coughing, on 
retiring to bed and on rising in the morning, persist. 

In the early stages the chief indications are to allay the distressing 
ji and non-productive cough and the painful rawness in the chest. The 
should be kept in bed for a few days and smoking prohibited; 
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A. Radiograph showing iibroid lubcrciilosis of left lung with trachea displaced to 
left, B, Radiograph of ease orsuhstenml thyroid with trachea displaced to right. 
(Radiographs kindly lent by Dr. .1. H. A. Lynham) 
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substernal pain can be relieved by counter-irritation with turpentine 
liniment, mustard plasters, and linseed or other poultices. Inhalation 
of the vapour of a teaspoonful of compound tincture of benzoin, or 
5 minims of oil of pine in a pint of hot water is often soothing. The 
use of a powder containing codeine phosphate ^ grain, acetylsalicylic 
acid 5 grains, phenacetin 3 grains, caffeine -J grain is helpful, and non- 
productive cough may be soothed by a teaspoonful of Gee’s linctus: 
camphorated tincture of opium, oxymel of squill, and syrup of tolu, 
equal parts — taken when required. 

(2) — ^Acute Laryngo-Tracheitis 

Considerable attention has been paid in American literature to an 
acute laryngo-tracheitis in infants and children, an infection of the Bacteriology 
upper respiratory tract occurring in epidemic form, due to streptococci 
of the haemolytic and viridans types and often, in fatal cases, associated 
with the Staphylococcus aureus. Intense congestion and oedema of the 
glottis and trachea are present. The morbid changes chiefly involve Morbid 
the subglottic region where the loose areolar tissue allows swelling to 
occur with obstruction of the airway. The prominent symptoms are 
air hunger, restlessness, and retraction of the ribs, and the condition Clinical 
may be easily mistaken for laryngeal diphtheria. In early cases palliative 
treatment, as for acute laryngitis and tracheitis, may be tried but if 
retraction appears tracheotomy must not be delayed. 

(3) — Chronic Tracheitis 

Acute tracheitis may pass into a chronic stage, or the trachea may Aetiology 
share in a chronic infection of the pharynx, larynx, or bronchi. This is 
probably more apt to occur in cigarette smokers. Chronic tracheitis is 
sometimes associated with chronic hypertrophy of the tonsils and with 
adenoids. The crusting of atrophic rhinitis may extend not only to the 
larynx but far down the trachea. 

Many chronic irritative coughs without physical signs in the chest Symptom 
are due to chronic tracheitis. The sense of discomfort present in the 
trachea causes a cough with the characteristics already described under 
the acute form. The expectoration has been described as resembling a Sputum 
‘moss-agate’ stone, being grey and slightly opalescent with dark mottling. 

It is tenacious and tends to be projected forcibly when the throat 
is cleared. There may be transient fogging of the voice, due to the 
sputum temporarily clogging the larynx. The crusts of ozaena may be 
large enough to produce dyspnoea. 

It is important in persistent cases to exclude tuberculosis, syphilis, Diagnosis 
and new growths of the trachea by endoscopic examination. 

Smoking should be prohibited, wintering in a warm and dry climate Treatment 
is advisable, and inhalations and vaccine therapy are worth a trial. 

Attention must be paid to the condition of the nasal sinuses, tonsils, 
larynx, bronchi, and lungs. 
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3-INFECTIVE GRANULOMAS 

(1) — Syphilis 

1543.1 The most important syphilitic lesion of the trachea is a gum- 
matous formation which ulcerates and causes stenosis of the air-passages 
Iroin the resulting cicatricial tissue. I’hc onset is insidious with an 

irritating cough, discom- 
fort behind the sternum, 
and expectoration which 
may be blood-stained. 
Later signs of stenosis 
arise such as severe dys- 
pnoea with loud respir- 
atory stridor. Secondary 
bronchiti s, broncho- 
pneumonia, and bronchi- 
ectasis may follow. 

In the museum of the 
Royal College of Surgeons 
of Ihigland there is an 
instructive specimen (No. 
988-1) in which the orifice 
of the right bronchus is 
closely stenosed from cica- 
trization following syphi- 
litic ulceration low down 
in the trachea (see Fig. 7). 
The patient contracted 
syphilis seven years before 
the onset of symptoms and 
for two months had sufTcred 
from dyspnoea on exertion and cyanosis. Such a case shows how a syphilitic 
lesion can simulate carcinoma of a main bronchus. 

Treatnaent should be on ordinary anlisyphilitic lines, but considerable 
stenosis may follow even if the infection is eradicated, 

(2) — Tuberculosis 

Very few undoubted cases of primary tuberculous disease of the 
trachea have been reported, but since the introduction of bronchoscopy 
the common association of tuberculous ulceration of the trachea with 
pulmonary tuberculosis has been more fully recognized and its incidence 
placed as high as 40 per cent. Infection is due to contact with infected 
sputum and is chiefly found in eases of long duration. Laryngeal tuber- 
culosis is often concurrent. The ulceration is wide-spread and the 
commonest site is along the posterior wall The symptoms are intract- 
able coughing, dyspnoea, wheezing respiration, and often cyanosis. 
The prognosis is unfavourable and nearly 50 per cent of those affected 
die within a year. 






. ' 



I'lG. 7.— Stenosis of orifice of right bronchus fol- 
lowing syphilitic ulceration of the trachea; viewed 
from posterior aspect; the bronchial glands at 
the bifurcation arc enlarged 
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Treatment should follow the lines employed in laryngeal and Treg^feHt 

nary tuberculosis. ' " 


4.-OBSTRUCTION 

1544.] Tracheal obstruction may originate from (i) foreign bodies in Causes 
the lumen; (ii) lesions of the tracheal wall: acute inflammation such 
as diphtheria and acute laryngo-tracheitis of children; cicatrization after 
healing of a syphilitic gumma or tuberculous ulceration; scar tissue 
following mustard-gas poisoning; granulation-tissue following wounds 
of the trachea, tracheotomy, intubation, or foreign body; and tumours, 
innocent or malignant, arising primarily from the trachea; (iii) com- 
pression or invasion of the wall from without: enlargement of the 
thyroid gland; intrathoracic goitre; hypertrophy or tumours of the 
thymus; aneurysm of the arch of the aorta or innominate artery; 
enlarged tracheo-bronchial glands; oesophageal lesions; and retro- 
pharyngeal or mediastinal abscess. 

If the obstruction develops slowly a considerable period may elapse Symptoms of 
before tracheal symptoms are manifested. As the lumen progressively ^Q^stmction 
narrows dyspnoea on exertion with a slight inspiratory stridor becomes 
noticeable. With extreme narrowing distressing dyspnoea occurs and 
breathing is difiicult and laborious and carried out with aid of the 
accessory muscles of respiration. Inspiration is usually more diJBBcult 
than expiration; both are prolonged and accompanied by noisy stridor. 

If, despite the prolonged inspiration, sufficient air does not enter the 
lungs retraction appears at the root of the neck and lower ribs. In 
tracheal stenosis the upward and downward movements of the larynx 
are not marked as they are in laryngeal obstruction (Gerhardf s sign). Gerhardfs 
The attitude of the patient is typical, sitting up and bent forward with 
the chin sunk towards the chest to avoid stretching and narrowing 
the trachea. The typical harsh, clanging, and often paroxysmal cough 
torments the patient, and the constant fear of imminent suffocation 
adds to the victim’s terrible distress. Pulsus paradoxus may be present. 

The voice is often faint and weak but is not hoarse as in disease of the 
larynx, unless paralysis of a recurrent laryngeal nerve has occurred. 

Foreign bodies 

When a foreign body is drawn into the larynx an immediate attack 
of choking, coughing, and wheezing takes place and is followed by 
a period of freedom from symptoms as the body falls into the trachea. 

The foreign body is usually sufficiently small to pass downwards into 
one of the main bronchi, most often the right. When it remains in the 
trachea, three pathognomonic signs have been described (Chevalier 
Jackson), (i) The ‘asthmatoid wheeze’ is a dry sound heard when the 
bell of the stethoscope is held at the patient’s open mouth. It persists 
after coughing and expectoration and may be the only sign present for 
a long time, (ii) When the foreign body is movable, as it generally is 
when in the trachea, coughing often drives it against the subglottic 


'Asthmatoid 

wheeze* 


The ''audible 
slap* 
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narrowing and its sudden arrest there produces a slap which can be 
heard at the patient's open mouth. This slap may be noticed subjectively 
by the patient, (iii) The 'palpatory thud" is the name given to the sen- 
sation which this sudden arrest transmits to the cxainincCs linger held 
on Adam's apple. 

Cough is paroxysmal and may be severe if the foreign body is movable. 
It may simulate pertussis. The sputum may be streaked with blood. 
Laryngeal symptoms may be present, namely hoarseness and croupy 
cough, dyspnoea, and cyanosis, especially in young children in whom 
the subglottic tissues are apt to swell or in whom the larynx may have 
been injured by the passage of the foreign body or by attempts at 
its removal. 

If the foreign body docs not produce immediate death from asphyxia 
the prognosis is better than if it lodges in a bronchus. A rough or 
sharp substance is likely to cause ulceration and sepsis with subsequent 
cicatrization and stenosis of the trachea, and there is always the danger 
of sepsis spreading to the lungs causing septic broncho-pneumonia. 
The prognosis depends largely on the interval before removal. 

In some eases a history of the inhalation of the foreign body is lacking 
and laryngeal diphtheria may be suspected. Many foreign bodies, 
such as coins, teeth, buttons, and pins, may be revealed by X-ray 
examination, lindoscopic examination is required in the ease of non- 
opaque substances. 

Treatment consists in the rapid removal of the oUcndiiig substance. 
The ideal method is extraction by forceps through a bronchoscope, but 
if specialist services are not available tracheotomy should be carried out, 
when the foreign body may be coughed out or removed with forceps. 


Tumours 


Primary tumours of the trachea are much less common than those 
of the larynx or bronchi, and benign forms arc less rare than malig- 
Osteomas nant. Of the non-malignant tumours osteomas arising from cartilage 
arc the commonest. These multiple hard gritty tumour masses produce 
TracheopcithUi the condition known as traehcopathia osteoplast ica which may exist 
osteoplasika produce few or no symptoms, but occasionally 

hoarseness, cough, and dyspnoea call attention to it. Samuel Wilks in 
1857 described a ease with ossific deposits in the larynx, trachea, and 
bronchi ; the deposits ‘were quite smooth except at the bifurcation of the 
trachea where a rock-like mass growing from the cartilage protruded into 
the air passage’. 

Other benign Papillomas, fibromas, and intratracheal goitres come next in order of 
tumours frequency. Tuberculomas have also been described. 


Malignant 

tumours 


Of the rare primary malignant tumours adenocarcinoma and 
squamous-cclled carcinoma are the most common, Sarcomas are even 


rarer. Secondary growths are uncommon, but direct invasion from 
carcinoma in adjoining structures is comparatively frequent (see 
Plate IV, B). 
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The symptoms of new growth of the trachea are (i) harsh clanging Symptoms 
brassy cough (‘gander cough’) and often blood-stained expectoration; 

(ii) stridor with prolonged inspiration; expiration is also prolonged 
but to a less degree; and (iii) gradually increasing dyspnoea with dis- 
tressing paroxysmal attacks especially at night. Attacks of dyspnoea 
may be brought on by swallowing. Cyanosis becomes marked and the 
condition terminates in asphyxia. 

If the tumour is malignant the patient’s general health suffers. The 
growth may spread to neighbouring organs, oesophagus, larynx, and 
lungs. Metastases are generally regional but several cases have been 
reported with a cutaneous dissemination. The symptoms call attention Diagnosis 
to the upper air-passages and diagnosis is made by endoscopy and Treatment 
biopsy. The treatment of this condition is surgical. 

Compression from extrinsic causes 

Symptoms of pressure on the trachea are often accompanied by 
others pointing to involvement of structures closely related to it, 
e.g. dysphagia from pressure on the oesophagus and engorgement of 
the jugular veins, and aphonia, paralysis of the diaphragm, or ocular 
signs from paralysis of the recurrent laryngeal, phrenic, or cervical 
sympathetic nerves respectively. 

Bilateral enlargement of the thyroid may compress the trachea laterally Enlargement 
and reduce the lumen to a narrow slit, the so-called scabbard trachea. 

If the goitre is unilateral the trachea is often displaced and curved 
greatly ' towards the opposite side. A rapid enlargement of the thyroid 
gland produced by haemorrhage into it may give rise to the sudden 
onset of dyspnoea and cyanosis, which tend to be continuous. Sub- Substernal 
sternal goitre not only displaces the trachea backwards but also 
compresses it on either side (see Plate V,b). The radiograph corre- 
sponds to the sabre-shaped trachea found at necropsy. There is a feel- 
ing of substernal pressure, and a sense of suffocation and choking 
when lying down. Respiratory stridor is often brought out by getting 
the patient to walk up and down stairs. 

The compressibility of the trachea varies with age; at the age of five Hypertrophy 
it offers four times as much resistance to pressure as it does at birth, 

An enlarged thymus in an infant may flatten the windpipe with stridor 
and severe dyspnoea as described by Kopp in 1830 and sometimes called 
thymic or Kopp’s asthma. This is most marked in the first few weeks Kop/s 
or months of life and diminishes after the second year. (See Thymus 
Gland Diseases, p. 35.) 

The trachea deviates to the right just above the bifurcation where the Aneurysm 
arch of the aorta crosses its left anterior aspect. Here pulsation can 
be seen with the bronchoscope and the windpipe may be compressed 
by an aneurysm of the arch. As the aortic arch passes backwards it 
lies above the left bronchus. With each pulsation of an aneurysm of 
the arch the left bronchus may be thrust downwards and so produce 
‘tracheal tugging’. tugging 
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Tuberculous tnicbco-brorichial glands may be large enough to press 
on the trachea and occasionally erode and discharge caseous material 
into its lumen, thus causing the sudden onset of acute respiratory 
distress, dyspnoea, and cyanosis. Other causes of enlargement of the 
mediastinal glands arc Hodgkin's di.sease, metastases from malignant 
disease in an adjacent organ, especially a bronchus, lymphoid leuk- 
aemia, lymphosarcoma, and syphilis. Tracheal breathing and pectori- 
loc|uy can be heard in the normal individual from the occiput to the 
seventh cervical spine; if the Irachco-bronchial glands are enlarged 
these auditory signs can be heard as far as the fifth dorsal spine. This 
is known as d’Espine’s sign or traehcophony. 

Carcinoma of the oesophagus is a common cause of tracheal obstruc- 
tion, and a foreign body impacted in the gullet is liable to produce a 
compression stenosis. Both these conditions may lead to ocsophago- 
tracheal fistula. Pharyngeal pouches (sec Vol. IX, p. 579) and diverticula 
of the oesophagus (see Vol. IX, p. 292) may give rise to tracheal 
symptoms. 

In all cases of dillieulty in breathing and stridor in infants and children 
the possibility of acute or chronic retro-pharyngeal abscess should be 
considered (see Plate IV, A). (See also Asi-hyxia in C’liitoiuiN, Vol. H, 
p. 176.) 

The diagnosis of the various forms of compression is ollen evident, 
as in the thyroid group, but in cases in which the scat of pressure is 
in the mediastinum diagnosis may be dillicult. The treatment is that 
applicable to the original condition. 
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(Syinmymx. 'IVaclitinuiUiiis conjunctivitis; (’.caiuilar lids; granular 
ophthalmia; gnimilar conjunctivitis; I'gyptian ophthalmia; 
ami niilitary ophthalmia) 

1545.) 'rraclKtnia is ;i chronic specific conltigious disease of the con- 
junctiva in man; it has no tcmiency to spread to other tissues except 
to the tarsus and to the eorneti. U is ehanicteri/.ed by lymphocytic 
inlillralion and by tibrous hyperplasia. It is chronic in naUirc but may 
have an acute onset in Ihe absence of baclcritil infcclion. 


2.“J:l>n)i;M10L0GY 


Indtk'tKi' ami 

geographkd 

dlstribuHon 


Aetiology The disease is bolievod to be the result of infection by the Rickei/sia 
tiwhoimiis. In suitable cases ami with suiltibly stained epithelial scrap- 
ings the virus particles cun bo detected under high microscopical 
magnilieation. These exist as inclusions vilhin superlicial cells of the 
conjunctival epithelium and arc kimwn as HaJhvratm'dtrr-Prowaczek 
Karperehen (corpuscles), so called after their discoverers, and resemble 
the inclusions found in epithelial cells in other virus diseases. 

It is probable that half cT the inhabitants of the world liavc been 
infected with trachoma, though in a htrge proportion of cases the 
disease has attained a natural cure or is quiescent, There is mass- 
infection in many countries such as bgypt, I’tdestine. India, China, 
and Japan, except among the richer classes; it is common in parts of 
North and South America, Italy, Poland, and Southern Ireland. It 
is now rare in England but sporadic ca.scs occur oven among the upper 
classes and when no source of infection can be dLscovered. The risk 
of infection for an individual living in a trachomatous country is 
slight provided he observes strict cleanliness and docs not live or sleep 
in the same room as the indigcnou.s inhabitants, lixpcricncc, however, 
has shown that both children and adults who go to live in a tracho- 
matous country become infected occasionally, even though all possible 
care is taken as regards prophylaxis; this is especially the case when 
native servants are employed. 

Infection is acquired by the transfer of conjunctival secretion from a 
trachomatous individual with the disease in an active stage into the 
conjunctival sac of a healthy person. This may be ellcctcd by the hands, 
by a towel or handkerchief, by a pillow, or, when the infective material 
has passed down the lacrimal passage into the nose, by sneezing. 
Transmission of contagion by flies probably occurs but is less common 
than the foregoing means. 

incidence Trachoma may be acquired at any age. In countries where there is 
mass-infection a mother infects her infant before it is weaned. 


Method of 
spread of 
infeetbn 
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3 -CLINICAL PICTURE 

(1) — ^Imtial Signs 

The incubation period varies from four to ten days. Typically the incubation 
disease begins insidiously, but often it is ushered in by an acute attack 
of bacterial conjunctivitis. In the former case the disease may be 
present for a long time and attain a considerable degree of severity 
before it is recognized; in the latter case it is only recognizable on the 
subsidence of the acute symptoms. Atypically it begins with acute 
symptoms, such as pain, lacrimation, and photophobia, in the absence 
of bacterial infection. 


(2) — Stages 

Until the various anatomical changes in the conjunctiva and cornea 
are appreciated in the order of their development it is impossible to 
form any lucid idea of the disease. The classification which is now in 
common use throughout the world is known as MacCallan’s stages 
of trachoma. 

There are four stages, depending on the relative prominence of 
lymphoid follicles or alternatively of subepithelial lymphoid infiltra- 
tion; bleb-like excrescences which burst on pressure or alternatively 
papillary hypertrophy; and formation of connective tissue. 

In the first stage (Stage I or Tr. I) the disease may manifest itself First stage 
either by tiny follicles or aggregations of lymphoid cells in the super- 
ficial layer of the conjunctiva or by a generalized subepithelial infiltra- 
tion of similar cells which gives a red and velvety appearance to the 
conjunctiva. These manifestations may disappear entirely, without 
leaving any trace. 

The next stage may be either that of complication or that of benign Second stage 
evolution. The stage of complication (Stage II or Tr. II) exhibits either 
bleb-like excrescences (Tr, II a) or a papillary hypertrophy (Tr. II 6). 

The stage of benign evolution (Stage III or Tr. Ill) is characterized Third stage 
by the absorption of the follicles or of the subepithelial infiltration 
and their replacement by cicatricial tissue. 

The last stage (Stage IV or Tr. IV) is reached when folhcles or infiltra- Fourth stage 
tion have been entirely absorbed and replaced by cicatricial tissue. 

This is the stage of cured trachoma; frequently this stage is never 
reached. 

The course of the disease may be expressed diagrammatically thus: 


Tr. I 


Tr. Ill 


Cure without 
leaving traces 


Tr. II (a or b) 

Tr.'m 


Tr. IV 
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With a comparatively small uniouiU of experience cases can be 
ssigned to one or other of these stages. Some eases arc on the 
lorder-linc between two stages ami may show, lor exaniple, bleb-likc 
:xcrcsccnces of Tr. 11 it and also a certain amount ol cmatrmation 
iharacteristic of Tr. Ill; such a ease would be noted as Tr. 11 a to 

fr III For ophthalmologists who practise in trachomatous countries, 

luch as Egypt and Palestine, a more elaborate scheme of classification 
s required (MacCallan). 

The response to infection by trachoma is a generalized flooding ot 
the subcpithclial tissue of the conjunctiva with lyniphocylie cells sec 
Fig. 8). Typically these cells arc aggregated into clumps, the so-called 



Fia. 8.-Truchoma. stage Ii section of 

intense subepithelial infiltration with lymphocytes. (From the Author s Irachom ) 


trachoma follicles; atypically, but not uncommonly, no follicles can 
be differentiated clinically from the general exudate of lymphocytes 
There are therefore the follicular and the general lymphocytic types or 


Trthe follicular type there are, scattered over the conjunctiva of the 
upper tarsus at the extremities of its upper border, slight roughnesses, 
forming tiny greyish Islets (see Plate VI, a). The rest of the conjunctiva 
may not show any sign of inflammation, but there is usually a lime 
increase of the conjunctival secretion. The position of early trachoma 
follicles is considered to be distinctive, but in appearance the isolated 
':||ai(®oma follicle is identical both raacroscopically and microscopically 




B 

A Trachoma, stage 1. b. Limbal region in young man, showing trachomatous 
pannus. x 4. (From the Author’s Trachoma) 

Plate VI 


\To face p. 212 
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with the follicle of non-trachomatous conjunctivitis. In the general General 
lymphocytic type there is a generalized subepithelial infiltration with 
lymphocytes which gives the conjunctiva a red, inflamed, and velvety 
appearance. 

In both types of Tr. I characteristic changes occur in the upper fifth Invasion of 
of the corneal limbus, where a cellular invasion of the cornea takes 
place. This cellular invasion appears as an indefinite grey infiltration 
which often becomes concentrated into a number of tiny grey elevations 
which do not differ from trachomatous follicles of the conjunctiva in 
cellular composition. 

In response to the irritation caused by this cellular invasion, there is Reaction in 
a vascular proliferation; new vessels run centripetally for a little distance 
towards the centre of the cornea in tissue which is normally devoid 
of blood-vessels. This new vascularity of the formerly clear cornea 
together with the grey infiiltration constitutes corneal trachoma or 
pannus and may extend all over the cornea in severe cases and, when 
such a comphcation as corneal ulceration occurs, reduce visual acuity 
to virtual blindness (see Plate VI, b). 

Trachomatous pannus must be distinguished from two other condi- Differenti^ 
tions in which the cornea becomes vascularized; (i) the process of 
healing of a corneal ulcer, and (ii) interstitial keratitis. In trachomatous pannus 
pannus the vessels spring from the network of marginal loops which From heaUi^ 
can be traced on to the cornea as branches of the conjunctival vessels, 
i.e. they are superficial. The healing of a corneal ulcer is carried out 
by vascularization of the edges of the ulcer by the ingrowth of vessels 
from the conjunctiva; the vessels are fewer and larger than in tracho- 
matous pannus and are localized to the proximity of the ulcer. In From 
interstitial keratitis the vessels cannot be traced from the cornea on 
to the conjunctiva but disappear at the corneal margin, being derived 
from the deeply situated vessels of the sclera. 

In this stage, as in other stages of trachoma, the disease may be well Symptoms oj 
marked without causing any s 3 miptoms of discomfort and the general ^ 
appearance of the orbital region show nothing abnormal. Symptoms, 
when present, do not differ from those of any other form of con- 
junctivitis; there is a slight conjunctival discharge and a sensation as 
of grit under the lids; the lids may be stuck together in the morning 
on awaking from sleep. 


(6) Stage II 

This stage exhibits two forms: in the more common, Tr. II a, numerous 
bleb-like excrescences appear on the palpebral conjunctiva of both 
upper and lower lids; in the less common form, Tr. II A, the prevailing 
feature is a papillary hypertrophy of the conjunctiva. 

The numerous bleb-like excrescences which protrude above the Trachoma 
surface of the rest of the conjunctiva in Tr. II a rupture easily on 
pressure, allowing their gelatinous contents to extrude. Great care 
should be taken by the surgeon during the examination of these cases, 
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for if the blebs burst their contents arc liable to enter the conjunctival 
sac of the examiner, resulting in trachomatous infection; the surgeon 
should therefore alv/ays wear protective goggles when examining a case 
of suspected trachoma. The bleb-like excrescences have the appearance 
of frog-spawn or cooked grains of sago. 

The tarsus is always thickened by an inllaniinatory exudate, the 
weight of which causes some drooping of the upper lid, or ptosis. 
From the thickening of the bout-shaped tarsus there is incurving of 
the upper lid, and proliferation of the hair follicles follows; the resulting 
trichiasis (see p. 215) may rub on the cornea, and, if untreated, last 
for years. The lymphocytic inliltration may spread from the corneal 
periphery over the whole cornea, with generalimi vascularization; 
being situated between the corneal epithelium and the anterior clastic 
lamina (Bowman’s membrane), it may destroy the latter and, obtaining 
access to the corneal stroma, cause further permanent opacity. 

In the stage Tr. U h the trachomatous infiltration or follicular forma- 
tion is obscured by a papillary hypertrophy of the conjunctiva, giving 
the appearance of red, raspberry-like processes. T’his is the result of 
the throwing up into folds of the superficial epilhoHum by the intense 
subepithclial infiltration of lymphocytes. 

(c) Stage Ilf 

1’his vStage of partial cicatrization or cure may be derived directly 
from Tr. 1, or stages Tr. II a or Tr. II h may intervene. When it follows 
Tr. 1 the reddened conjunctiva is seen to be permeated by a fine 
network of cicatricial tissue. When following Tr. II a the network 
of cicatricial tissue encloses bleb-like excrescences, which may become 
squeezed out by the contraction of cicatrization. When alTccting 
Tr. H h the network of cicatricial tissue surrounds islands of actively 
diseased conjunctiva. 

Just inside the inner border of the upper lid there is usually a hori- 
zontal white streak of cicatrization called Arlt’s line. 

A reversion from Tr. U I to Tr. 11 a is quite common, 

(d) Stage IV 

Theoretically this is the final stage, a cure having been clTected either 
naturally or as the result of treatment. The normal epithelium has 
been replaced by scar-tissue epithelium, and the subepithclial infiltra- 
tion has been absorbed or replaced by cicatricial tissue. 

In many untreated cases this stage is never reached. In all cases 
invaginations of the diseased epithelium occur, carrying into the depths 
of the tissue of the lid infecting and irritating material. Thereupon 
results a remarkable fibrous development, which is characteristic of 
trachoma and is especially manifested in the pretarsal tissue and in 
the tarsus. This fibrous development goes beyond the needs of tissue 
repair. 
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The implications as regards treatment are obvious. Firstly, the applica- 
tion of drugs to the tarsal conjunctiva cannot be expected to influence 
invaginated and infected epithelial cells in the deeper tissues; secondly, 
the expression of the bleb-like excrescences of Stage II a removes the 
contents of many of the superficial follicles and epithelial cysts but 
can have no effect on the deeper lymphocytic infiltration; thirdly, the 
employment of chemotherapy cannot be expected to do more than 
kill the virus, leaving untouched the lymphocytic infiltration and the 
fibrous hyperplasia. 

Other signs of trachoma are as follows: trachomatous rosettes at the 
limbus, and, after these become cicatrized, Herbert’s peripheral pits; 
trichiasis and entropion, ptosis and narrowing of the palpebral fissure, 
sinuous lid margin, post-trachomatous degeneration, corneal facets or 
depressions, superficial punctate keratitis, and epithelial plaques. 


4.-SEQUELAE 

Pannus is really trachoma of the cornea and an integral part of the Panms 
disease (see p. 213) and a diagnosis of trachoma should not be made 
unless it is present. Formerly it was thought to be a sequela which 
required special operative treatment. 

Pannus exists in two forms, one in which the granulation -tissue 
beneath the epithelium clears up, leaving only the attenuated vessels, 
and the other in which the anterior elastic lamina (Bowman’s mem- 
brane), which underlies the corneal epithelium, has been destroyed in 
places with invasion of the corneal stroma by vascular granulation- 
tissue. Cicatrization results in permanent opacity, and the abolition of 
the normal lymph-flow between the corneal corpuscles cuts off their 
nutrition, thus necessitating the persistence of pannus vessels. All 
operations for the removal of pannus, such as pannus dissection and 
peritomy, are absolutely contra-indicated. 

Trichiasis, or the condition in which the eye-lashes rub the cornea, Trichiasis 
is due to the development of supernumerary lashes by offshoots from 
existing hair follicles. This new development is caused by the hyperaemic 
condition of the lid margin, which always occurs in serious cases of 
trachoma. 

Entropion is an inversion of the lid margin due to cicatricial changes Entropion 
in the tarsus. It may affect one or all four lids. 

Ectropion of the lower lid is due to thickening of the tarsus by Ectropion of 
inflammatory products and subsequent cicatrization. 

Apart from the results of comeal ulceration, diminution of the visual Diminution 
acuity results from the trachomatous infiltration of the cornea. While 
this is active, and careful treatment is applied to the palpebral con- 
junctiva, great improvement may result, but when cicatrization has 
occurred improvement cannot be expected. Trachomatous infiltration Lacrimal 
of the mucous membrane of the lacrimal sac is common in trachomatous 
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counlrics. Lacrimal probes slioukl not he used in such cases on account 
of the clanger of perforating the sac. 


5.-D1AGNOSIS AND DIFFERENTIAL DIAGNOSIS 

In a suspected case of trachoma both lids must be fully everted. The 
lower lid may be pulled clown by the linger so that the fornix is fully 
displayed. The upper lid must he everted over a blunt hook in order 
to examine adequately the whole conjunctiva. It is essential, in order 
to establish the presence of Iraehoinatous vascularization, to examine 
the upper periphery of the cornea carefully, under good focal illumina- 
tion, with a corneal loupe giving a magnification of X or 10 diameters. 
(See Eye Hxamin/vtion, Vol. V, p. 217.) 

Common conditions which may bear a resemblance to trachoma 
arc; follicular conjunctivitis in children, acute conjunctivitis with 
follicles, and chronic conjunctivitis with corneal vascularization of 
interstitial keratitis or of former phlyctenular conjunctivitis. Uncommon 
conditions resembling trachoma are: spring catarrh and swimming- 
bath conjunctivitis (including blennorrhoca). In none of the above 
conditions do any of the following pathognomonic signs of trachoma 
appear: bleb-like excrescences which rupture on pressure with exuda- 
tion of their gelatinous contents, pannu.s, punctate depressions at the 
limbus, i.c. Herbert’s peripheral pits, or cicatrization of the upper 
palpebral conjunctiva. 

6.-TREATMENT 

(1) — Prophylaxis 

In dusty countries where Irachoma is rile it is important to wash the 
face and eyelashes twice a day. The eyelids must not be rubbed with 
the lingers. Salutation by shaking hands with an infected person and 
employment of house servants who have any discharge Iront the eyes 
arc dangerous. If the employment of ayahs or amahs for young children 
is imperative antiseptic eye-drops, such as zinc sulphate or zinc chloride 
solution of the strength of O-S per cent, should be instilled into their 
eyes twice a day unless an oculist pronounces them free from trachoma. 

(2) — -Treatment of Conjunctiva 

The upper lid is entirely everted on a blunt hook, or better on a 
MacCallan-Rostovski cvertcr, and the conjunctiva swabbed with 2 
per cent solution of silver nitrate. This should be carried out daily or 
at least five days a week for a month or six weeks. Then drops of a 
solution of zinc sulphate or zinc chloride 0-5 per cent may bo used 
for a period before recommencing treatment by massage with solution 
of mercuric chloride 0-25 or 0*5 per cent daily. Silver nitrate must be 
used carefully to avoid the deposition of silver in the epithelial cells 
(argyrosis). 
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Massage with chaulmoogra oil is said by some to have a beneficial 
effect. Innumerable other remedies including radiotherapy, auto- 
serotherapy, and high-frequency currents have been advocated; also 
many secret remedies have been used with disappointment to the 
patient. 

In the presence of the bleb-like excrescences which characterize stage II ^ Stage 11 a 
surgical interference is essential, namely, rupture of the blebs by ex- 
pression with Graddy’s forceps and scraping with a sharp spoon, 
after eversion of the lid. For adults local anaesthesia, by the frequent 
instillation of solution of cocaine hydrochloride 4 per cent and by 
infiltrating the lids with procaine hydrochloride (novocain) solution 
1 per cent, will suffice if care is used. For children a general anaesthetic 
is required. It is usually necessary to repeat the operation on several 
occasions before all the blebs towards the fornix and the inner angle 
of the eye are destroyed. The conjunctiva is then massaged with solution 
of mercuric chloride 1 in 500 and the eyes are bandaged for an hour 
only. Subsequently antiseptic drops should be used by the patient 
until the next operative seance. 

In stage II b also application of medicaments to the conjunctiva Stage II b 
is useless. Mechanical treatment such as that just described may be 
employed. 

In many cases some bleb-Hke excrescences still remain. These should Stage III 
be dealt with by mechanical treatment. After some days the conjunctiva 
may be massaged with solution of copper sulphate 5 per cent or with 
the old-fashioned copper sulphate stick. 

Theoretically treatment is not required in the fourth stage because all Stage IV 
active lesions have undergone cicatrization. There may, however, be 
areas of the conjunctiva which are not covered by scar-tissue epithelium, 
and which are susceptible to new infection. It is therefore advisable 
for all patients with apparently healed trachoma to continue treatment 
by some such astringent drops as solution of zinc chloride 0*25 or 0-5 
per cent. 

(3) — Treatment of Sequelae 

(a) Blepharophimosis 

Blepharophimosis is the condition in which the palpebral fissure 
appears to be contracted at the outer canthus. In many cases of old 
trachoma it is impossible to evert the upper lid satisfactorily for the 
purpose of treatment on account of this narrowing of the palpebral 
fissure. It may be rectified by canthoplasty (for technique of cantho- 
plasty see Vol. V, p. 246). 

{b) Trichiasis and Entropion 

Certain general principles may be formulated as regards operations 
to rectify trichiasis and entropion: (i) if the conjunctiva requires treat- 
ment for active trachoma this should be carried out before operation, 
except in urgent cases such as corneal ulceration, (ii) The eyelid should 
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be supported and stretched on u metal spatula or shoe-horii; no form 
of clamp should be used, (iii) Only in exceptional circuinstaiiccs should 
skin be removed from the lid, (iv) Partial operations should never 
be performed, however templing it may seem to reduce thereby the 
extent of the operation. 

Most cases of trichiasis-entropion can be dealt with salisractorily by 
one of two operations, which may he pcrforiricd by any medical man 
who has already acquired experience in surgical technique. The first 
is Slrcatfeild's operation, described by him in 1858, often misnamed 
Snellen’s operation, and depends on the removal of a wedge-shaped 
strip from the anterior surface of the tarsus, 1'hc second, van Millingcn’s 
operation, consists in insertion of a graft of mucous membrane into 
a groove made in the free border of the lid. Many of the operations 
described in ophthalmic text-books arc useless or even dangerous. 
Strcatfcild’s operation is de.scribed in the article livmjos, iNJinuns 
AND DisuASiiS, Vol. V, p. 248. In a few severe eases, however, the 
operation as there described docs not give quite suflicient results, and 
then one or two additional procedures may be carried out; 

(i) The entropion spatula is reinserted and a supcrhcial cut 0-5 or I inm. 
deep is made akntg the whole free border of (he lid just posterior to the 
lashes; owing to the tension exerted by the sutures already inserted the lips 
of the incision gape somewhat, allowing further eversion of the lash-bearing 
area. The greatest care must be taken to avoid leaving aiiy hair bulbs in 
the posterior lip of the wound; if tliis happens they must be picked out with 
die point of a knife, (ii) In very severe eases, which arc rare except in Eastern 
countries, the procedure adopted by ('ant may be carried out, A vertical 
incision with stout scissors i.s made through the whole thickness of the lid 
at its inner and outer extremities. The incision should extend 3 mni. upwards 
(for only the upper lid is likely to require this somewhat disfiguring pro- 
cedure) from the free border of the lid. 'Fhis allows more complete eversion 
of the lid margin. 

h'or the mucous membrane graft operation, the metal spatula of shoe-horn 
shape is inserted under the lid which is made tense thereby. An incision is 
made along the whole free border of the lid, immediately posterior to the 
lashes and as close to them as possible, but without injuring them: it should 
be about 3 mm. deep. The anterior part of the lid- -when speaking of operation 
on the upper lid, for the operation is applicable to either upper or lower 
lid— which includes all the lashes, is now allowed to slide up towards the 
eyebrow, to the skin of which it: is anchored by a few sutures. Extra effect 
may be attained by placing a little roll of gauxe beneath the sutures. On the 
posterior part of the lid a horizontal strip of bare tarsus, 3 mni. wide, is thus 
prepared to receive the graft . 

The lower lid is now seized at either extremity with plain dissecting forceps 
and everted. An injection of procaine hydrochloride (novocain) and adrenaline 
is made horizontally along the area from which it is intended to remove the 
strip of membrane, The mucous membrane is gripped with toothed forceps 
on the right side of the mouth, and with the narrow, blunt-pointed scissors 
a strip 25 mm. long and 2 mm, broad is cut. This strip of mucous membrane 
should always be a little shorter and narrower than the bed in the lid margin 
which has been prepared to receive it; it should be carefully wrapped in a 
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piece of sterile gauze. The wound in the lid is then sewn up with a blanket 
suture. The strip of mucous membrane is carefully denuded of submucous 
tissue and laid on the wound in the lid, without having been in contact with 
any antiseptic solution. It is carefully pressed into position with the moistened, 
gloved fingers of the operator, with the raw surface downwards. No sutures 
are required. A dressing of gauze which has been spread with boric acid 
ointment is carefully applied and firmly bandaged. This is not removed tmtil 
the fourth day after the operation, when the skin sutures are removed, as 
well as the lid sutures. A very light dressing is applied for a few days. 

The epilation of misplaced lashes in trachomatous trichiasis should Other 
be absolutely forbidden, as after epilation the lashes regrow and are 
again a danger to the cornea. misplaced 

The destruction of hair follicles by diathermy in one second or by 
electrolysis in thirty seconds may be carried out if there are not more 
than three misplaced lashes, and if the proper machine is available. 

I do not consider these procedures to be good practice, as in trachoma 
these three lashes are, in the majority of cases, the forerunners of 
numerous other misplaced lashes. 

(c) Ectropion of Lower Lid 

The operative treatment for ectropion of the lower lid (MacCallan’s MacCallarCs 
operation) consists in the removal of the tarsus and in the formation 
of a new fornix. 

The lid spatula is placed below the eyelid to be operated on and the border 
of the lid is seized by the assistant with forceps and still further everted on 
the spatula. A horizontal incision is then made through the conjunctiva 
throughout the width of the eyelid about 5 or 6 mm. from the margin of 
the lid, i.e. in the situation in which it is desired to make the next fornix: 
an incision is made at each extremity of the first incision to unite it with 
the inner and outer canthi, stopping short 1 or 2 mm. from the lid margm. 

The conjunctiva is then dissected from the subjacent fascia and cartilage 
as far as the margin of the eyelid. The cartilage is then removed with scissors, 
together with as much redundant conjunctiva as is considered advisable. A 
threaded needle is entered from the skin surface 5 mm. below the lashes, 
through the tissue of the lid and through the anterior edge of the conjunctiva. 

It is then passed forwards throu^ the posterior edge of the conjunctiva, 
coming out of the skin near to the point of entrance of the needle. Three 
such sutures are inserted and tied loosely. The result of this operation for 
the condition described is remarkably good. The stitches may be removed 
on the fourth or fifth day. It is important that the skin should be carefully 
sterilized with solution of iodine and that non-absorbable material, such as 
silkworm gut, should be used for the sutures. 

(J) Acute Conjunctivitis 

In the East trachoma is often complicated by acute bacterial con- Causal 
junctivitis. The causal organism may be the gonococcus, the Koch- 
Weeks bacillus, the staphylococcus, streptococcus, pneumococcus, or 
the diphtheria bacillus. Clinically it is impossible to distinguish these 
types; any one of them may produce a membranous condition simulating 
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a (liplUhcritic inrcclion. The microscopical examination of stained 
films cannot dilTerentiate llie diphtheria bacillus. Cultures should 
always be made in suspected eases, and if possible atiinial experiments 
carried out in order to confirm the culture results. 

Diphthma Whenever there is real suspicion that the nicnibranous conjunctivitis 
untimin jj, ( i,(> iiiphthoria bacillus, diphtheria antitoxin should bo adminis- 
tered in maximal dosage. 

If it is impossible to evert or even to open the eyelids, cantholomy 
or canthoplasty .should be performed immediately. On no account 
must the eye bo occluded with pad and bandage. 

If it is possible the conjunctiva should be painted twice a day with 
solution of silver nitrate 2 per cent. The conjunctival sac should fre- 
quently be irrigated with a gentle stream of fluid, either eusol solution 
1 in 10, mercuric chloride 1 in 5,000, or potassium permanganate I 
in 5,000. If possible the irrigation should be nearly continuous, and 
two nurses should be employed. When silver nitrate solution cannot 
be applied, acriilavine I in castor oil 1,.500 may he used, several times 
a day. 

Treatment of The occurrence of ulceration of the cornea does not call for any 
ukerathm change in the trcalnient. It is rarely advisable to cauterize the edges 
of the ulcers; if, however, they arc sloughy they may be scraped with 
a small sharp spoon. The pupil may be dilated with solution of atropine 
sulphate 1 per cent; if the ulcer perforates, the pupil will immediately 
contract and the iris may, if the ulcer is not central, prolapse into the 
breach of the cornea thereby plugging the wound. This is to be hoped 
for. Then the mydriatic should be slopped as a desirable result has 
been obtained, for the adherent iris will vascularize the edges of the 
ulcer and lead to repair with the formation of an adherent leucoma. 
Experience has shown that after the formation of an adherent leucoma 
the development of secondary glaucoma is very common. Unless 
therefore the patient can be kept under continuous observation, a 
prophylactic iridectomy should be performed. 

In the ease of a child it may be advisable to fasten each hand to the 
side of the bed, quite loosely, in order that the child .shall not rub 
the eyes. If the discharge from the eye is very tenacious, the conjunctival 
sac may be carefully cleaned with a little weak hydrogen peroxide 
solution. 

In the ease of adults there should be by the side of the patient a bowl 
of weak antiseptic solution, and a dish of cotton-wool, with which the 
discharge is constantly being washed away. 

It is much easier to look after a patient with acute purulent con- 
junctivitis if he sits in a chair by the side of a table than if he is kept 
in bed. 

(4)-~Conclasion 

Treatment of trachoma is disappointing since cauterizing drugs 
applied to the conjunctiva reach only the .superficial layers, and in 
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all cases of more than short duration the morbid changes have extended 
to the pretarsal and tarsal tissues. When this has occurred the only 
means of obtaining a permanent cure is by an operation which can 
only justifiably be entrusted to an experienced ophthalmic surgeon. 

The operation of combined excision of the tarsus and its over-lying 
conjunctiva, or tarsectomy, not only removes all the diseased tissue 
but eliminates the ptosis of the upper lid which is present to some 
degree in most cases of long-standing trachoma (MacCallan, 1936). 

It has recently been stated that sulphanilamide and its congeners Sulph- 
have a beneficial effect on trachoma and that they inactivate the 
trachoma virus. It is clear, however, that they cannot remove the new 
fibrous tissue which pervades and thickens the pretarsal and tarsal 
structures and which specially characterizes trachoma. 
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1546.] or the disorders alTccting travellers by air, land, or water, the 
most familiar is sea-sickness, which will servo as a typical example. 
Other types of travel-sickness arising from certain conditions call for 
special mention. Tests designed to assess the suitability of an individual 
to adopt the career of an air-pilot are described in Yol. 11, p. 241. 


l.~AETIOLOGY 

Movement Movement is a sine qua non. At sea and in the air it often takes the form 
of complex and irregular oscillations, of which the vertical component 
is the most disturbing; in a train or car the movement is vibratory and 
of smaller amplitude and greater frequency. There are exceptions in 
some highly-sprung modern cars, in which vibration may be replaced 
by a swinging roll. Vibration being a milder form of abnormal stimula- 
tion than oscillation, those liable to train- or car-sickness can hardly 
expect to escape at sea or in the air. 

222 
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In addition to movement, many contributory factors must be recog- Contributory 
nized which are so numerous that they are never all found together. 

Their importance in treatment consists in the extent to which they can 
be minimized or prevented. 

Factors operating before journey begins 

Extreme susceptibility is found in some who are unjustly accused of Extreme 
merely imagining they are ill. Such people turn giddy whUe dancing, ^ 
have suffered sickness in childhood when playing on swings, and may 
be upset by any form of travel. They are usually of the nervous 
delicately-organized type. When groups of travellers go on a journey 
together it is not always the novice who is the first to succumb; this 
shows that susceptibility is a more important causal factor than lack 
of experience. 

Fear of sea-sickness is a common failing, induced by past experience Fear of 
or the accounts of others who have suffered, and is often aggravated 
by a fatalistic expectancy. 

Emotional excitement is often inseparable from departure on an ocean Emotional 
voyage and applies even more to journeys by air. Flying is stiU a novelty 
to many. Whether the air-traveller is pressed for time or merely in 
search of a new experience, his nervous system is in a state peculiarly 
adapted to the development of travel-sickness. Fatigue is very common. Fatigue 
and often enhances the effect of other aetiological factors. 

Conditions of disturbed metabolism readily contribute to travel- Disturbed 
sickness. Among these are diabetes mellitus, migraine, cyclical vomiting, 
chronic nephritis, and pregnancy. 

Factors operating after journey has begun 
To these contributory factors are now added various secondary effects Secondary 
of the primary factor, movement. Static changes in the abdominal 
organs, perhaps combined with muscular efforts at adjustment, con- jiidommal 
stitute a factor which is not yet fully understood. The importance of the Labyrinthine 
labyrinths in travel-sickness is generally acknowledged, but attempts to 
prevent their influence by swinging cots and sprung head-rests have 
not been wholly successful. 

Ocular fatigue is common. Extreme liability to train- or car-sickness Ocular 
suggests the presence of an uncorrected error of refraction. The 
preference among railway passengers for a seat facing the engine is 
probably based upon the influence of ocular stimuli. Victims of train- 
sickness feel better when they refrain from looking out of the carriage 
window, especially at near objects such as fences or telegraph poles 
bordering the track, or other trains moving in an opposite direction; 
but distant scenery, if it offers interest and variety, may provide salutary 
distraction for the apprehensive mind. 

In rough weather at sea, disturbing auditory stimuli arise from the Auditory 
noise of waves, the creaking of beams, and numerous other accompany- 
ing sounds. These are apt to induce uneasiness, if not fear, in nervous 
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people. The perpetual rumble of a train, in which it becomefi dilFicult 
to converse in ordinary tones* inevitably results in taligue olThc nervous 
system on a long journey. 

Olfactory stimuli arc Icgituu hew arc more upsetting than hot engine 
oil, kitchen garbage* or the rancid cllluvia that betray the sickness of 
others. Even odours normally agreeable, such as those of fresh cooking, 
or the pungency of oranges or cigar-sinokc, will soinctimes determine 
the onset of nausea, faulty ventilation exaggerates the clTect of olfactory 
disturbance and may produce its own dire consequences. A defective 
exhaust-pipe allows the escape into a closed car of enough carbon 
monoxide to produce headache, vertigo, nausea, and even vomiting, 
while still unrecognized by the occupants. lAUrol vapour causes identical 
symptoms. Most modern cars provide adequate air-supply without 
draught and rarely need to be entirely closed, 

Deficient oxygenation may arise during llights at high altitudes. 
Sudden changes in atmospheric pressure cause unpleasant symptoms of 
vertigo, tinnitus, and deafness, but these are usually of short duration, 
General conditions such as toxaemia from constipation or indiscretions 
of diet are contributory causes more avoidable than the others just 
mentioned. 


2-biochi;mlstry 

Certain metabolic changes commonly occur in sea-sickness but whether 
they are cau.sc or circct has still to be proved. Blood-sugar tends to rise 
at first and become subnormal later, but these findings vary, Ketosis 
from incomplete oxidation offals is more constant; it may bo due partly 
to starvation but has been found even in the absence of vomiting. 

The respiratory rhythm is often irregular, rapid shallow breathing 
being periodically interrupted by a deep inspiration, particularly during 
the send of the ship. The onset of unexplained sighing or yawning 
during rough weather is another significant omen. As a result of 
respiratory changes, the pulse-respiration ratio lends to be greater or 
less than normal Such ehanges may well play a part in, or constitute 
the outward manifeslation of, deficient oxygenation and diminution of 
alkali reserve, The important part played by oxygen may be deduced 
from the fact that among those relatively immune to sea-sickness are 
found two very different groups, athletes and habitual drinkers; each 
has in a diifercnt way acquired the power of rapid oxidation. 


3 -CLINICAL PICTURE 

Travel-sickness tends to manifest itself clinically as autonomic im- 
balance. The predonxinant element is sometimes the vagus (para- 
sympathetic) and sometimes the sympathetic, but more often both are 
combined. Cases cannot be rigidly classified as vagotonic and sym- 
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patheticotonic because clinically they do not always fit conveniently into 
these twin pigeon-holes. The terms when used here should be inter- 
preted in a relative sense. Most cases can be assessed with reasonable 
accuracy by a careful study of symptoms and signs. 

Nausea and vomiting are commonly bracketed together, but either Nausea and 
may occur alone. Early onset of nausea, perhaps accompanied by dry- 
ness of the mouth, and increasing in severity until followed by vomiting, 
which even although repeated fads to relieve it, points to sympathetic 
activity. When vomiting is a comparatively late sign, preceded by 
sahvation but little or no nausea, occurring suddenly and without much 
effort, and followed by at least temporary improvement in well-being, 
predominance of vagus action may be presumed. 

Headache may occur in all types. In those of a vagotonic tendency it is Headache 
often an early and persistent symptom; in sympatheticotonics it more 
commonly follows nausea and vomiting. Headache often coincides with 
vertigo and is sometimes associated with photophobia. It is usually 
frontal but in vagotonia may be vertical, temporal, or occipital. 

Dizziness is a common complaint in sea- and air-sickness but much Vertigo 
rarer in train- or car-sickness. True vertigo may occur, originating in 
labyrinthine, optic, oculomotor, gastric, or vasomotor disturbances. 

More commonly the complaint refers to a sense of confusion and diflB- 
culty in muscular co-ordination. I have never known a patient to fall 
through the vertigo of sea-sickness. In this and other respects it closely 
resembles Freud’s description of the vertigo of an anxiety neurosis. 

Whereas restlessness and excitement indicate sympathetic activity, Lassitude 
extreme lassitude is common in sea-sickness of the vagal type. The 
combination of physical and mental depression must be distinguished 
from the fatigue induced, even in immune subjects, by the difficulty of 
walking about in rough weather. 

Circulatory changes are detected most easily in the pulse-rate. When Circulatory 
vagus activity predominates the recumbent rate is commonly from 60 ^ 
to 70; in sympatheticotonic cases it is more likely to be about 80. 

Blood-pressure usually tends to fall or rise according as the vagus or Blood- 
sympathetic is the more active. Mercurial instruments are useless in 
stormy weather, and sphygmomanometry under conditions leading to 
any form of travel-sickness is manifestly liable to inaccuracy. A rough 
indication of the blood-pressure is furnished by the increase in pulse- 
rate when the patient sits up after lying down. In health, after the brief 
acceleration caused by the effort of rising and lasting about ten seconds, 
the increase is seldom far removed from 10 per cent of the original rate. 

In so far as it exceeds this figure, the blood-pressure is likely to be lower 
than normal. The effects produced by sympathetic activity are more 
variable. 

Vasomotor instability is a feature of most forms of travel-sickness. Vasompcr 
Flushings alternating with pallor and cold sweats are common. The 
onset of an attack in which vagus activity predominates produces in 
slow motion the features of vaso-vagal syncope, namely, slow feeble 
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pulse, low blood-pressure, sease of ‘dizziness’, confusion, faintness, and 
extreme pallor, indicating failure of vasomotor co-ordination and 
inducing an urgent desire for the horizontal position, often with the 
arms raised above the head. It is because of this last tendency that 
experienced sufferers ‘prefer’ sea-sickuess to air- sickness of equal dura- 
tion because in an aeroplane there are fewer facilities for lying down. 
These signs may appear before there has been any vomiting or even 
much nausea. 


4,-COURSE AND PROGNOSIS 

Spontaneous Spontaneous recovery is the rule, but in some cases the symptoms per- 
recowry return to land. Even if the most careful treatment apparently 

fails to shorten the duration of sickness, it may at least alleviate the 
discomfort. Prognosis depends largely upon the control of contributory 
factors. The most difficult of these is the common attitude of fatalistic 
resignation which makes some cases hopeless in more senses than one. 
Sequelae Certain sequelae occur, especially when sickness is prolonged. Such 
are globus hystericus, jaundice, or gastritis set up by repeated vomiting. 
Cystitis may follow a period of concentration of the urine. After landing 
there is sometimes a return of ataxy, due to failure of locoinotory 
re-adjustment. 


5.-DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

Importance of The assumption that sickness in rough weather is due to sea-sickness 
^Egnosif fraught with possibilities of serious error. The manifold causes of 
nausea, vomiting, headache, vertigo, or drowsiness must be continually 
kept in mind. Apart from abdominal emergencies, the two conditions 
most commonly mistaken for sea-sickness are alcoholic gastritis and a 
blend of anxiety and fear resulting in a neurosis which is almost indis- 
tinguishable from true sea-sickness. In children sea-sickness rarely lasts 
long. Continued symptoms should arouse suspicion of ketosis, digestive 
upset, constipation, or acute appendicitis. Sometimes the cause is 
psychogenic; the child is made ill by fear of the unseen bogy that has 
prostrated his mother. 

To most people sea-sickness means nausea and vomiting, with the 
result that sufferers from headache or lassitude sometimes fail to suspect 
the origin of these symptoms. 


6.-rREATMENT 

(1) — ^Preventive 

The first step in prevention is to exclude or minimize as far as possible 
the contributory factors already enumerated. For an ocean voyage 
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arly booking is advisable so as to reserve a well ventilated cabin as 
learly as possible amidships, and comfortably remote from disq_u.ieting 
loises and the smell of cooking. Accommodation at the ship s side is 
isually at a premium, but an apprehensive passenger travelling at a 
ime when rough weather is to be expected will find that an inside 
:abin, provided the ventilation is good, offers more freedom from the 
aoise of wind and waves. 

The most comfortable motor cars are those with the rear seat well Car-sickness 
within the wheel-base. Boredom often contributes to car-sickness, 
especially in children, to whom enforced inactivity quickly beconaes 
irksome. It may be obviated by engaging conversation or interesting 
scenery, provided vision is not blurred by fixation on near objects. The 
vigilant concentration essential to safe handling of a car provides one 
reason why car-sickness never affects the driver. 

Before and after starting on a sea voyage adequate rest should be Avoidance of 
enjoined. This advice will seldom be popular, but it is well to point 
out that among single avoidable factors contributing to travel-sickness 
fatigue is the most powerful. Passengers exhausted by the strain of 
preparation for a voyage, culminating in wearying farewells and late 
nights, often rely on the sea air to restore their energy. But they are 
in no’ condition to withstand the effects of rough weather. Rest is Diet 
particularly important for the digestive organs. Diet should be reason- 
ably light, with ample carbohydrate and little fat. Constipation and 
drastic catharsis should both be avoided. 

Preventive treatment by drugs is determined to a large extent by the Drugs 
length of the contemplated journey. If this is measured in hours, an 
appropriate dose of some quickly acting and transient narcotic, such 
as sodium amytal or nembutal, may meet the case. But for a voyage 
lasting days or weeks the requirements are not so simple, and it is then 
important to have some previous knowledge of the patient and his 
probable response to the ship’s movement. 

In proportion to the patient’s nervousness preliminary sedation is Sedation 
advisable. During the twenty-four hours before sailing, bromides up to 
60 grains and chloral hydrate 20 to 30 grains may be taken in divided 
doses at suitable intervals. Physical lassitude which sometimes follows 
these large doses may be countered by the addition of 10 to 15 minims of 
tincture of nux vomica. Barbiturates are more palatable and convenient 
but their action is less certain. Sedative drugs, apart from their physio- 
logical action, aUay uneasiness. Phlegmatic subjects should have Stimulation 
atropine sulphate jhy to grain, hyoscine hydrobromide ^ to ^ 
grain, or tincture of belladonna 10 to 20 minims, similarly divided. 

Most patients require a suitably balanced combination of a central 
nervous sedative and a vagus inhibitor. 

The value of most proprietary remedies lies in the faith of those who 
use them. This is not to impugn the honesty of their manufacturers. 

If the proprietary medicine is not entirely worthless it must contain 
some fairly potent drug which, to be safely sold to the public, must 
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be in such cautious dosage that the amount taken by the purchaser 
is almost certain to be inadequate. 

The practitioner who prescribes any remedy for sea-sickness to be 
taken before or after sailing will be well advised to inform the ship 
surgeon of the ingredients, lest alternative treatment be required. 
Preventive treatment after the ship has sailed should include con- 
tinuance of the measures already recommended. Moderation in eating 
and drinking is extremely important, if for no other reason than that 
anxiety will have curtailed the digestive capacity. Dietetic principles 
are discussed as part of specific treatment (see p. 229). Fresh air is 
invaluable but must not be obtained at the expense of body warmth, 
because in sea-sickness the thermogenic function quickly becomes 
impaired. If fresh air can be combined with exercise, both heat produc- 
tion and respiratory exchange are thereby encouraged, and healthy 
distraction will be offered to the mind haunted by dread and uncertainty. 
But exercise should be forbidden just before and after meals and must 
at all times stop short of fatigue. 

(2) — Specific 

With the onset of sea-sickness the various types usually begin to be 
more clearly distinguished. In cases showing vagotonia therapeutic 
doses of atropine, hyoscine, or tincture of belladonna are indicated 
and should be repeated as may be required; these patients often show 
considerable tolerance. Autonomic balance may be restored also by 
stimulation of the sympathetic. The action of adrenaline is too abrupt 
and evanescent for this purpose. Ephedrine is useful, but recently 
benzedrine sulphate in doses of 5 to 10 mgm. has been found even more 
satisfactory, particularly on account of its action on the higher centres 
in overcoming morbid languor. The drug is easily retained and its 
effects appear within half an hour. It may be given in solution, com- 
bined with other drugs; if vomiting persists it may be given in the form 
of a suppository, and then two or more hours are needed for its absorp- 
tion. When powerfully sympatheticotropic drugs are used, glucose 
should also be given to maintain the blood-sugar level. High blood- 
pressure and undue excitability of the nervous system contra-indicate 
the use of benzedrine. Caffeine is another valuable stimulant to the 
nervous system, either medicinally or as strong tea or coffee. 

If the patient is not too far gone in sickness to make the effort, exercise 
in the fresh air will be beneficial. Even below decks in bad weather short 
periods of exercise may be advantageously alternated with rest in the 
horizontal posture. Alternatively, a cold or tepid bath will stimulate 
respiration and the vasomotor system. 

For the treatment of increased sympathetic activity, a host of remedies 
are available. Few are more reliable than repeated doses of bromide 
and clfioral hydrate. A useful prescription consists of potassium bromide 
60 grains, chloral hydrate 20 or 30 grains, in one fluid ounce of water, 
flavoured as desired. The dose is one teaspoonful every half-hour. 
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Small repeated doses favour retention and absorption. The suggestibility 
of this type of patient gives an added value to the insistence upon 
frequent and regular repetition. Over-dosage is prevented by the fact 
that when the needs of the condition have been met and the patient 
becomes drowsy the intervals are automatically lengthened. There is a 
specific curative value in sleep. Among the barbiturates, soluble pheno- Barbiturates 
barbitone, soluble barbitone, prominal, and dial have proved successful, 
but their effects vary. They are best given in cautious dosage until the 
absence of idiosyncrasy is proved. 

If vomiting persists in spite of these measures the lower bowel should Sedatixes 
be cleared out if necessary and potassium bromide 60 grains with rectum 
chloral hydrate 20 grains in about 6 fluid ounces of warm water given 
slowly per rectum. For the individual case hypodermic medication has 
obvious advantages, but it is rarely feasible when a number of patients 
have to be seen at frequent intervals. 

Valuable adjuncts to sedative treatment are those drugs with a stimu- 
lant action on certain portions of the parasympathetic nervous system. 
Physostigmine salicylate to ^ grain hypodermically can do much Physo- 
to restore normal gastro-intestinal function. It is of most value if 
combined with acetylcholine, nature’s own stimulus to parasympathetic 
activity, OT gm. in fresh solution, intramuscularly. Acetylcholine 
bromide is stable in aqueous solution. Nitrites are traditionally useful Nitrites 
in some cases, and so too is glyceryl trinitrate (trinitrin) which has the 
same physiological action. The tablets must be fresh and are more 
effective if allowed to disintegrate slowly under the tongue than if 
swallowed. 

Alcohol is sometimes valuable; it probably has some reflex stimulant Alcohol 
action, followed by dulling of the hypersensitive nerve centres. No 
definite rules can be laid down; champagne has many advocates, and 
so has brandy. Dry ginger ale seems just as effective as either, and yet 
whisky and soda is often worse than useless. Much must depend on 
individual habit and susceptibility. Opiates are on the whole dis- Opiates 
appointing; their action in sea-sickness varies, and even temporary 
benefit is apt to be undone by unpleasant after-effects. 

The types here described are extremes, and therefore exceptional. In Combined 
the average case symptoms point to disturbance of both divisions of 
the autonomic nervous system, and treatment must be judged accord- 
ingly. Belladonna, bromide, and chloral hydrate, in appropriate doses, 
are of more constant value than any other combination known to me. 

At various stages in the treatment of sea-sickness the matter of diet Diet 
must be decided. Unaccountable tastes and dislikes are common, and 
the predilections of the patient, however capricious they may seem, are 
often a better practical guide than the most erudite hypotheses. Certain 
general principles, however, may be outlined. Small amounts of food 
at frequent intervals, chewed thoroughly and eaten as slowly as is 
compatible with social usage, will turn vagus activity to good account. 

If this is lacking and anorexia is complete, glucose should be given, in 
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strained orange juice, for example, or in 5 per cent solution as an 
enema. 

If circumstances warrant a more ambitious dietary, the maintenance 
of normal acid-base equilibrium would seem to be best assured by an 
alkaligenic diet consisting largely of fruit and vegetables, supplemented 
by milk if it agrees. Animal food need not be wholly forbidden. Fatty 
dishes, and those of elaborate or uncertain composition, are best left 
to the seasoned sailor. The patient may choose according to taste from 
small portions of clear soup, hot or cold; cold chicken, ham, or beef 
without gravy; baked potato; dry toast or the like; and small cups of 
tea or coffee. A salt-free diet has been held to favour the absorption 
of bromides. A lacto-vegetarian diet needs little additional fluid. 
Restriction of extra fluid at meal-times ensures better mastication. On 
the other hand, although dry meals are retained and digested better 
than liquid, vomiting may have produced some dehydration which 
must first be remedied. Sucking ice is an agreeable method. 

(3) — Symptomatic 

Distressing abdominal uneasiness is often greatly relieved by a broad 
binder, such as a bath-towel, fastened firmly from the pelvis to the ribs, 
or by a mustard plaster over the epigastrium. The same effect can be 
produced by ventral decubitus with a pillow under the abdomen, or 
by deep breathing, taking a full inspiration with the send of the ship. 
Some vagotonic individuals have an initial diarrhoea, but as a rule 
constipation requires treatment. In persistent vomiting a sodium nitro- 
prusside test of the urine may reveal ketosis, for which glucose and 
insuhn should be given; otherwise chlorhutol (chloretone) 10 or 15 grains 
in capsule or cachet may be tried. Irritability of the gastric raucous mem- 
brane may yield to cerium oxalate or the traditional bismuth mixture. 


TREMATODE INFESTATION 

See Bilharziasis, Vol. II, p. 323; Clonorchiasis, Vol. Ill, 
p. 248; Fluke Infections, Intestinal, Vol. V, p. 320; 
and Paragonimiasis, Vol. IX, p. 401 
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1. -DEFINITION 

1547.] Tremor is a spontaneous involuntary rhythmical alternating 
contraction of a group of muscles and its antagonists. The spontaneity 
of this kind of involuntary movement might well be assumed but needs 
emphasis in a definition otherwise equally applicable to so dissimilar 
a movement as clonus, for which some degree of external interference 
is necessary. Although fibrillation (see Vol. V, p. 276) is often called 
‘fibrillary tremor’, it is not related to the present subject in either origin 
or nature, as the definition makes clear. Tremor of the face and tongue 
can hardly be said to be the result of movements of protagonists and 
antagonists because of the special character of the musculature. It is, 
however, impossible to douk the clinical identity of tremor in these 
situations with other forms for which this definition is accurate. 

2. -AETIOLOGY 

Tremor occurs in many conditions during health. If a part of the body In health 
is held rigidly fixed by the strongest contraction of its muscles' it is 
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affected with a fine tremor, the extent of which varies in different 
subjects. Physiological tremor in response to cold is well known and 
most people have experience of the tremor of emotion, either from 
fear, excitement, or anger. Fatigue is not so generally appreciated as a 
disposing factor although its effects are no less obvious. In addition, 
some healthy persons react with abnormal facility to physiological 
causes and may tremble for no clear reason. Tremor may be continual 
throughout life and occasionally exhibits a marked familial incidence. 
Some degree of tremulousness is natural in old age. 

Tremor is a not uncommon symptom of acute infections, particularly 
enteric, typhus, and influenza, either during their course or for many 
weeks after the convalescent stage has been reached. Of the more 
chronic infections tuberculosis has long been believed to favour the 
occurrence of tremor. Any form of over-activity of the thyroid causes 
tremor. Even in severe thyrotoxicosis there is sometimes not any 
clinical enlargement of the gland, ‘masked hyperthyroidism’, and the 
diagnosis must be reached from systemic symptoms of which tremor 
may be the most striking to both the patient and practitioner. Tremor 
is a feature of many extrinsic intoxications. Alcohol and tobacco are 
common causes and even in moderate amounts may be responsible, 
although in this, as in other effects, individual susceptibility plays a 
large part. In chronic mercurial poisoning, a rare industrial disease, 
wide-spread tremor is usually the earliest complaint and has long been 
emphasized by the workers, who describe the illness as ‘the trembles’. 
It is seen in persons employed in quicksilver mines or in factories 
where the metal is handled in liquid form for the manufacture of 
mirrors, barometers, and thermometers. Rarely tremor is one of the 
first symptoms of lead-poisoning. Mercurial tremor is hardly known 
except in industrial poisoning, although in the past mercury was used 
medicinally in quantities purposely calculated to cause severe stomatitis. 
To-day bromide and thyroid are the common therapeutic agents most 
likely to be associated with tremor, the symptom being especially 
prominent in bromism. In each an unrecognized susceptibility to ordin- 
ary dosage is the usual reason for the development of intoxication. 

As fear is the predominant emotion of most psychoneuroses, trembling 
is a common accompaniment of this kind of illness. In anxiety states 
it is seldom absent, being indistinguishable from the fine rapid irregular 
tremor of the healthy person in moments of mental stress. In hysteria 
the wildest and most varied tremors are seen, particularly if an attempt 
is made to examine an affected part. The generalized almost convulsive 
tremblings of those who suffered from shell shock (war hysteria) may 
recur in civil life in a later break-down whatever its immediate cause. 

Tremors of organic disease of the nervous system must be distinguished 
clinically from those already described and from one another. More 
than a hundred years ago James Parkinson described the tremor which 
- bears his name. The quality of the tremor is the same in the long-familiar 
^form of the disease of which Parkinson wrote (paralysis agitans) and 
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in the form which follows encephalitis epidemica. In each there are 
identical defects of muscular tone and movement, now known to 
depend on disease of the extrapyramidal motor system. Similar tremor 
and dystonia occur in hepato-lenticular degeneration (Kinnier Wilson’s 
disease) in which the same system is destroyed. In disease of the cere- Cerebellar 
helium, shaking of a different character is constantly present. Lesions 
of the mid-brain are sometimes associated with pronounced tremor 
and rarely the symptom may follow ordinary hemiplegia; such post- Hemiplegia 
hemiplegic tremor is confined to the arm and occurs chiefly on voluntary 
movement. Its rarity and its universal absence in the totally paralysed 
limb are features calling for special notice. Irregular quivering move- 
ments of the face, tongue, and hands are usual in dementia paralytica, paralytica 


3.-PATHOGENESIS 

Little is known of the exact mechanism of tremor in the forms depend- 
ing on organic nervous disease and there is not any information about 
morbid changes in other kinds. Lesions of the old (extrapyramidal) 
motor system and of the cerebellum each lead to tremor, associated 
in the one case with raised and in the other with lowered tone in the 
affected muscles. The state of muscle-tone cannot therefore have any 
connexion with tremor; moreover, Walshe has shown that Parkinsonian 
tremor is uninfluenced by rendering muscles flaccid with injections of 
procaine hydrochloride (novocain). Theoretically, involuntary move- 
ments of any kind may be caused either by irritative stimulation of 
nerve-cells or by the removal of inhibition from higher levels with con- Rernoval of 
sequent release of lower centres resulting in spontaneous activity. In all higher 
forms of striatal disease the appearance of the lesions suggests neuronal centres 
destruction. It may therefore be argued that the symptoms are due to 
the uncontrolled activity of lower centres. Conversely, the fact that 
the tremor of Parkinsonism endures for years, sometimes without 
alteration, makes the supposition that it is caused by irritation incon- 
ceivable. From its nature, tremor seems to be the product of a lower 
nervous centre. It is systematized and capable of only slight variation, 
directly opposite qualities from those of movements arising at higher 
levels. From arguments of this kind Kinnier Wilson concluded that 
tremor is ‘the expression of an inherent property of neurocellular 
activity’ and that ‘its mechanism ... is controlled by an involuntary 
prespinal centre or centres at the general level of corpus striatum, 
cerebellum and mesencephalon’. ^ 


4 -CLINICAL PICTURE 

Clinical forms of tremor are distinguished by difference in rate, range, 
and rhythm. The localization and any factors influencing the movements 
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are also worthy of notice. Most kinds of tremor, except those caused 
by striatal or cerebellar disease, have a rapid rate, a fine range, and 
an irregular rhythm. In these characters alone the tremor of cold 
or of post-influenzal debility cannot be distinguished from that of an 
anxiety neurosis or of intoxication by tobacco. In all forms tremor 
tends to be most easily seen in the upper limbs, particularly if these 
are held out straight and stiff with the fingers fully abducted. Strong 
simultaneous contraction of agonist and antagonist groups of muscles 
reveals some degree of tremor even in healthy persons, and the test 
of the outstretched arms makes use of this physiological method of 
releasing tremor in order to exaggerate the morbid kinds. 

The finest and most rapid tremor is found in mild degrees of hyper- 
thyroidism and in anxiety neurosis: indeed, the range may be so small 
that the movement is invisible and can only be detected by palpation. 
The tremor of extrinsic intoxications is usually coarser, particularly 
in mercurial poisoning and delirium tremens, but in the more chronic 
form of alcoholism and in poisoning by tobacco the amplitude may be 
only moderate or even fine. In a severe case of toxic goitre the move- 
ment may be coarse. In hysteria the character of the tremor changes 
abruptly at short intervals, an extravagant shaking of a limb or of the 
whole body being suddenly substituted for the delicate rapid fluttering 
first observed. 

In marked contrast, the tremors of striatal or cerebellar disease have 
a constancy of quahty, even from case to case. Parkinsonian tremor is 
slow, the movements being repeated at the rate of from four to eight 
a second. It is remarkably regular and is nearly always more evident 
in resting muscles. This almost clock-work rhythm is perhaps more 
valuable in diagnosis than any other feature. The range alone varies 
widely, from being so fine as to he hardly visible to a wide excursion 
of several inches. By contrast, the tremor of cerebellar disease is only 
seen during active movement, at least in the early stages, and becomes 
more exaggerated the greater the voluntary intent towards muscular 
precision. The terms ‘action tremor’ and ‘intention tremor’ are there- 
fore used in description and the many tests employed all aim at com- 
pelling great accuracy of voluntary movement. In advanced disease of 
the whole cerebellum tremor may occur in apparently resting muscles, 
particularly of the head and neck. These movements are called ‘titu- 
bation’ and are slow, irregular, and often of wide anaplitude. They are 
best seen if the patient tries to sit or stand erect, conditions in which 
the musculature of the neck and trunk is far from being in a truly 
resting state. 

The situation of a tremor is of value in determining its nature. Senile 
tremor first affects the hands, but soon after the head is also involved, 
toegular trembling of the tongue and of the muscles about the mouth 
is rarely absent in cases of dementia paralytica and alcoholism. In the 
former the classical coarse ‘trombone’ tremor of the tongue may be 
seen, but not as often as some older descriptions suggest. Mercurial 
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tremor begins in the face and tongue, later involving the upper and 
lower limbs in that order. In Parkinsonism those parts in which rigidity Of 
is greatest are least hkely to exhibit tremor, and this accounts for its 
predominance in the smaller more peripheral muscles of the upper 
limb. The proximal parts of the Hmbs and the head and neck are not 
affected until late in the disease and may escape entirely, although any 
muscle-group and its antagonists may be affected. In most cases of 
Parkinsonism both tremor and rigidity begin on one side of the body 
and may remain worse there throughout. The tremor may move from 
one group of muscles to another while the patient is being watched. 

The typical ‘pill-rolling’ movement of the fingers and thumb suddenly 
ceases and may be replaced by a pronation-supination of the forearm, 
which in its turn gives way to flexion-extension of the wrist. 

The tests used clinically to exaggerate tremor have been mentioned. Factors 
It may also be inhibited in certain circumstances. All tremors cease 
after complete paralysis of the involved parts, as shown by the sudden inhibition 
cessation of wild involuntary movements in a Parkinsonian developing 
an intercurrent pyramidal hemiplegia. Deep sleep and coma act simi- 
larly. Parkinsonian tremor may be inhibited for a short time by the 
application of a painful stimulus, and sometimes by changes in posture. 

Sudden emotional shocks sometimes inhibit Parkinsonian tremor tem- 
porarily. If the patient tries to control his tremor by an effort of will, 
he may be partially successful for a few minutes, but the movement tends 
to recur more violently when the attempt is abandoned. The tremor of 
chronic alcoholism improves or even vanishes temporarily after further 
consumption of alcohol. Anxiety increases all forms, the patient often Exaggeration 
being at his worst when he visits the doctor. Tremor of the face and 
tongue is usually exaggerated by voluntary contraction of the muscles, 
particularly if this is submaximal. Recently developed senile tremor only Senile tremor 
occurs with voluntary movement, but later the trembling persists when 
the muscles are resting. 


5.-COURSE. PROGNOSIS. DIAGNOSIS. 

AND TREATMENT 

The course, prognosis, diagnosis, and treatment of tremor must in the 
main be those of the diseases causing the symptom. 
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l~DEFINITION 

{Synonyms. — Fievre des tranchees; Fmftagefieber-, febris wolhynica, 
febris quintana) 

1548.] Trencli fever is, or rather was, a mystery disease. It was first 
detected during the spring of 1915 among soldiers fighting in the 
trenches on the Western Eront, and after less than four years of great 
prevalence it suddenly disappeared. The disease must have existed 
before 1914, but where and in what form is not known. Probably it 
still exists in an ‘inapparent’ form but no cases of natural infection 
have been reported since 1918. 

Trench fever was a febrile disease probably caused by Rickettsia 
quintana and conveyed from man to man by human lice. The only 
characteristic clinical feature was the tendency of the fever to occur in 
speUs, at intervals of five or six days, but as this periodicity was only 
observed in a minority of the cases it is impossible to give a precise 
iefinition of the disease. 

The first account of the disease was contained in a report of two 
:ases in British soldiers by J. H. P. Graham in September 1915. The 
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disease spread rapidly all over the Western Front and W. Byam History of 
estimated that 20,000 cases occurred among British troops between 
July 1917 and July 1918. Numerous cases were reported from Salonika World War 
and a few from Egypt and Mesopotamia. The disease was prevalent 
among all the troops on the Western Front but there is no reliable 
evidence of the number of cases which occurred in the French and 
German armies. Except for experimental cases and a few isolated cases 
the disease was confined to soldiers living in conditions of heavy louse 
infestation in the trenches and to personnel coming in contact with 
these men on the lines of communication. The disease at first tended 
to be mild and of short duration but it gradually became more severe so 
that during the last two years of the war the average period of hospital- 
ization was two and a half to three months. 


2.-AETIOLOGY 

Experimental investigation of trench fever was first carried out by McNee, Kxpermental 
Renshaw, and Brunt on twenty-one volunteers in France in 1915-16 ff^^^teers 
(McNee, 1923). The blood of infected persons was found to be capable 
of causing the disease in volunteers by subcutaneous and intravenous 
inoculation. Later investigations by the Commissions of the American 
Red Cross and the British War Office showed that the infection might 
persist long after the onset, in one case up to the 200th day. The 
persistence of the infection in patients enabled W. Byam and his 
colleagues to continue the study of the disease in a special hospital in 
London during the year 1919, although the only fresh infections in 
that year were among experimental volunteers. 

McNee and others brought forward evidence in 1916 which pointed Vector 
to lice as the vectors. Later it was found that lice which had fed on 
patients and had been kept at temperatures of 26"" to 30° C. for five to 
twelve days could transmit the disease to human volunteers. Lice which 
had once been infected remained so for the rest of their lives. There 
was reason to beheve that the virus contained in the faeces or bodies 
of the lice entered the human body through scratches rather than the 
bites of the insects. 

Tdpfer in 1916 showed that large numbers of rickettsia bodies {R. Rickettsia ^ 
quintana) were contained in the mid-guts of lice which had fed ori 
infected persons. These bodies were found by later workers to differ 
from those found in Uce infected with typhus in being situated on the 
surface of the epithelial cells and in having somewhat different staining 
reactions. They also were not capable of causing disease in experimental 
animals. 

The virus when dried was found capable of surviving for two to four 
months and was able to withstand exposure to a temperature of 55° C. 
which kills lice and their eggs. No one succeeded in cultivating the 
virus in yitro. 
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The tendency of the disease to relapse at regular intervals of five or 
six days suggests that a spirochaete would be the most likely causal 
organism: some French and German workers claimed that they had 
found spirochaetes in the blood of patients but the elaborate investiga- 
tions of German, American, and British workers produced convincing 
evidence that the causal organism was a rickettsia body and not a 
spirochaete. Should the disease reappear in recognizable form it would 
be worth while to consider the possibility that spirochaetes might be 
concerned in the causation, as the evidence pointing to rickettsia 
bodies, though strong, is not absolutely conclusive. 


3.-CLINICAL PICTURE AND PROGNOSIS 

The incubation period ranged from eight to thirty days. The onset 
was usually sudden, the temperature rising to IOC to 104° F. within 
24 to 36 hours. There were intense headache and shifting pains all 
over the body, most severe in the shins. Chills and sweating were 
common and sometimes diarrhoea and vomiting occurred. In many 
cases the onset was indistinguishable from that of dengue or influenza. 
A roseolous rash was seen in many cases, consisting of pink macules 
or papules on the chest, back, and abdomen. The spots might be 
scanty or numerous and sometimes lasted only a few hours. The spleen 
was usually enlarged. A polymorphonuclear leucocytosis was almost 
invariably present during the febrile periods, usually followed by a 
relative lymphocytosis in the convalescent stage. 

The fever was exceedingly variable in duration and, although con- 
siderable irregularities occurred in the temperature curves, the fever 
tended to come in a succession of short spells following each other at 
intervals of five to six days. 

Most of the cases conformed to one of the following four types, of 
which the fi.rst three show a close resemblance to dengue, (i) A short 
spell of fever lasting two to six days, (ii) A spell similar to the above 
but followed by one to four days of apyrexia and a relapse of two to 
three days’ duration, (iii) A ‘saddle-back’ type differing from type (ii) 
only in that the first spell had not ended before the second spell began: 
the whole attack lasted a week or so but in some cases there was a 
further period of irregular fever, (iv) A succession of three to twelve 
short spells of fever each lasting one to three days and recurring every 
five to six days; this very characteristic type of fever led to the recogni- 
tion of the disease as a special clinical entity and to the designation 
‘five days’ fever’. The total duration of the fever was thus from two 
days to several weeks and, as in most fevers, irregularities in the 
temperature curve were common. When the disease first appeared the 
short types predominated, but later the prolonged types were commoner 
and the disease became much more severe. 

During the course of the prolonged cases disordered action of the 
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heart and depression were common and convalescence was often Complications 
prolonged. In the short attacks there were few complications and sequelae 
convalescence was rapidly established. The commonest sequelae were 
neurasthenia and disordered action of the heart. The mortality was Prognosis 
practically nil but there were many cases of prolonged invalidism. 


4.-DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

In places where the disease was common diagnosis was not difficult 
except in the short cases which often closely resembled influenza or 
dengue. The five- to six-day periodicity was almost the only reliable 
feature; in the absence of this the diagnosis was made chiefly by 
exclusion of other causes of fever. There must have been many cases 
of ‘inapparent’ infection judging by analogy with other febrile diseases. 

The short cases were differentiated with difficulty from influenza. Differential 
dengue, sand-fly fever, and mild infective jaundice when these diseases ‘^“‘snosis 
occurred in the locality, otherwise there was no likelihood of mistakes 
being made by medical officers with experience of the disease. In the 
chronic cases enteric or undulant fever might be simulated but these 
diseases could usually be excluded by specific tests. 


5.-TREATMENT 

Prevention followed the same general lines as in typhus and relapsing Preventive 
fever, but mere delousing was not enough because the virus in the bodies 
and faeces of the lice could survive temperatures at which the lice were 
effectively destroyed. Thorough disinfection of the clothing was needed 
as there was reason to believe that virus adhering to soiled clothes 
could enter the body through scratches. 

No treatment was found to influence the duration of the disease but Symptomatic 
great importance was attached to maintaining the nutrition of the 
patients and keeping them at rest in cheerful surroundings till con- 
valescence was well established. After severe attacks a period of leave 
was of great value in restoring the patients to normal mental and 
physical health. Aspirin was much used to reUeve the pains and 
insomnia which were distressing features of many cases. 
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Reference may also be made to the following title: 

PYREXIA OF OBSCURE ORIGIN 


1-DEFINITION 

{ Synonyms . — Trichinosis ; trichinelliasis) 

1549.] This is an infestation of man by a nematode worm, Trichinella 
spiralis, of which the adult forms infest the wall of the small intestine, 
whence the larvae migrate to the muscles, in which they become 
encysted and cause various symptoms. 


2-TRICHINELLA SPIRALIS 

Trichinella spiralis (Owen, 1835) Railliet, 1895, was first observed as 
larvae in the muscles at necropsies in London by Hilton in 1833. 
Rediscovered by Paget in 1835, they were eventually referred to Owen, 
E.M. VOL. XU 241 
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who named them Trichina spiralis, Leidy found the larvae to be common 
also in pig’s flesh, and Herbst (1851) showed that they became adult in a 

few days when fed to an appropriate animal, 
and also that the females were viviparous. 
The adult worms inhabit the small intestine 
and, in the natural state, pigs, wild boars, 
and rats act as hosts, in addition to man. 
Under experimental conditions rabbits are 
insusceptible but dogs, cats, foxes, bears, 
martens, and all other creatures which feed 
on rats can become infected. Birds have so 
far been found to be refractory to experi- 
mental infection. Two hosts are required to 
complete the life-cycle of T. spiralis, during 
which each host harbours in turn the mature 
and larval stages of the worm. 

The adult worms are attached to, or buried 
in, the intestinal mucosa of their host. In 
this situation the males impregnate the 
females and thereafter soon die off. At this 
stage the females increase to their maximal 
size, boring more deeply into the intestinal 
wall. They may work their way to the peri- 
toneum or mesenteric lymphatic glands, and 
by this means the viviparously born young 
may be deposited in the lymphatics and 
possibly also in the mesenteric veins. It was 

rrr.- Q rr • Ti • r- estimated by Leuckart that each female pro- 
Fig. 9 .-—Tnchinella sj?iralis, . , ^ , 

S and X 45. (After many as 1,500 larvae. 

Brumpt.) Embr,, embiyos; The male (see Fig. 9) is 1-4 to 1*6 mm. in 

C/.a., genital opening; Or, length and is visible to the naked eye; the 
transverse diameter is 0-04 mm. It is attenu- 

Tropical Diseases) anteriorly and broader posteriorly. The 

cloaca, opening at the posterior end of the 
worm, is evertible during coitus. The posterior end is prolonged into 
two conspicuous conical papillae. 

The female (see Fig. 9) is larger than the male and viviparous, and 
measures 3 to 4 mm. long by 0-06 mm. broad; the vulva is situated in 
the anterior fifth, and the posterior half is occupied by the ovary and 
a much coiled uterine tube. The anus is subterminal. 

The larvae measure 90 to lOOju in length by 6^ in breadth. Carried 
passively in the lymph and blood-stream and guided by chemotaxis 
these larvae pierce the coats of the containing vessels and become 
encysted in the striated muscles, especially the diaphragm, and the 
laryngeal, lingual, and intercostal muscles, particularly those which 
are continuously active. 

Between the seventh and twenty-third days after infection they are 
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found in the arterial circulation and reach their destinations on the 
average about nine days later. While the female worms are in the 
intestinal wall, during a period of five or six weeks, a continuous stream 
of migratory larvae is observable. 

The capsule of the cyst becomes elliptical with blunted ends (see 


Fig. 10). In this state the larvae re- 
main incapsulated, but active and 
viable, for many years, in man, for 
instance, as long as thirty-one years. 
Often, however, they die and become 
calcified, but larvae which have not 
become encysted may reach maturity 
on ingestion by a suitable animal. 

When infected pig’s flesh is ingested 
by man, rats, dogs, or other car- 
nivorous animals, the larvae become 
excysted in the gastric juice, pass 
into the duodenum and small intes- 
tine, enter crypts in the intestinal wall, 
and soon become mature. 

3.-CLINICAL PICTURE 

Trichiniasis may cause many different 
symptoms, and the disease is usually 
divided into three stages: the period 
of invasion, the period of migration of 



Fig. 10. — Encysted larva of Trichin- 
ella spiralis, fifteen days after 
entering muscle, x 300. (After 
Claus in Bmmpt’s Precis de para- 
sitologic) 


the larvae, and the period of encystment and consequent tissue changes. 


(1) — Period of Invasion 

In this stage the symptoms are mostly gastro-intestinal: nausea, 
vomiting, diarrhoea with dysenteriform motions, and colic, due to 
catarrhal inflammation of the intestine caused by the worms; sometimes 
haemorrhage from the bowel, brought about by the activities of the 
adult worms, may be noted. 


(2) — ^Period of Migration of Larvae 

This stage is characterized by pain due to the involvement of the Pain 
muscles, such as the diaphragm, those of the arms and legs, the inter- 
costals, the larynx, and the mouth, and by the resulting impaired 
function, such as of respiration, mastication, and phonation. The 
invasion of the diaphragm and intercostal muscles is usually accom- 
panied by very distressing dyspnoea. There is often pyrexia, which may Dyspnoea 
reach 104° or even 105° F. and may predominate about the second Fever 
week. The fever may resemble typhoid with a slow muttering delirium. 

The blood changes at this stage are remarkable. There is a leucocytosis Blood picture 
of 30,000 to 60,000, with predominance of eosinophil cells which 
sometimes reach 60 per cent of the total leucocytes. 
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(3) — Period of Encystment 

In this stage the muscular pains are most severe, and there is consider- 
able oedema of various parts of the body, especially the face. Cachexia, 
due to absorption of toxins from, the larvae, is prominent. In heavily 
infected cases, which ultimately recover, these symptoms gradually 
subside, 

4.~COURSE AND PROGNOSIS 

The outlook in lightly infected cases is good. In severe epidemics as 
many as 30 per cent of the infected persons may die. 

5-DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

Diagnosis by immunological reactions is employed in man and animals. 
In 1928 Bachman showed that positive precipitin reactions could be 
obtained by using extracts of the isolated parasite, but the reaction 
usually becomes positive too late in the disease to be of much practi- 
cal use. 

An antigen is prepared from rabbits experimentally fed with cysts. 
About twenty days before incapsulation has occurred (i.e. about 
twenty days after infection) the animal is killed, and the masseter 
muscles are exposed to peptic digestion. The larvae are concentrated 
and repeatedly washed to free them from rabbit muscle. They are then 
dried and extracted with a 1 in 500 sodium chloride solution. The 
antigen injected intradermally gives two types of reaction: an immediate 
reaction characterized by the formation of a papule at the site of injec- 
tion, and a delayed reaction which attains its maximum twenty-four 
hours after injection. Most American workers find that a 1 in 10,000 
dilution of the antigen in Coca’s solution gives the best results two to 
three weeks after infection. 

In the stage of encystment, in which muscular and rheumatic pains 
predominate, biopsy of a small piece of muscle, such as the deltoid, 
the biceps, or the gastrocnemius, especially in the vicinity of the 
tendinous attachments, and examination under the low power of the 
microscope usually reveals the encysted larvae. Digestion in artificial 
gastric juice, with pepsin and hydrochloric acid, of suspected material, 
especially the laryngeal muscles, is said to give better results. 

The differential diagnosis of trichiniasis affords an interesting study, 
but it is one that can rarely present itself to the practitioner in Great 
Britain at the present time. 

In the early stages trichiniasis presents certain features in common 
with food poisoning, cholera, and dysentery; at a somewhat later stage 
enteric fever must be ruled out. The oedema which has been described 
may be confused with nephritis, but the absence of albuminuria should 
settle this point. In trichiniasis there is always considerable eosino- 
philia, and in the secondary stage the male worms can be found in the 
faeces and the larvae demonstrated in the blood-stream. 
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6-TREATMENT 

(1) — Prophylactic 

The knowledge that the pig is the main reservoir of infection for man 
has resulted in the almost complete disappearance of trichiniasis in 
man from Europe and America. The systematic CKamination of pig’s 
carcasses by meat inspectors has been specially directed towards this 
infection and entails a microscopical examination of the laryngeal 
muscles and the diaphragm. The ordinary methods of curing meat or 
ham by salting or smoking are ineffectual for killing the larvae; 
refrigeration at 5° F. for not less than twenty days renders infected 
meat harmless, but boiling for a period of half an hour for every pound 
of flesh is the only really safe method. 

(2) — Palliative 

No therapeutic agent is specific for the Trichinella or will cut short 
the course of the disease. Only palliative measures can be used. 
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TRICHOMONIASIS 

See Diarrhoea associated with Flagellate Infection, Vol. 
IV, p. 15; and Leucorrhoea and Other Non-Haemorrhagic 
Vaginal Discharges, Vol. VII, p. 714 



TRICHORRHEXIS NODOSA 

See Hair Follicles, Abnormalities and Diseases, 
Vol. VI, p. 166 


TRICUSPID VALVE DISEASES 

See Heart Diseases: Right Side Diseases, Vol. YI, p. 363 


TRIGEMINAL NEURALGIA 

See Neuralgia, Trigeminal and Glossopharyngeal, 
Vol. IX, p. 176 


TRIGGER FINGER 

See Hand, Diseases and Deformities, Vol. VI, p. 178 
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Reference may also be made to tropical diseases appearing under their 
own names, and to the following titles: 


ANTENATAL CARE 
CARRIERS IN INFECTIVE 
DISEASE 

DIETETIC DEFICIENCY 
DISEASES 


HEAT-STROKE AND HEAT- 
EXHAUSTION 
LIVER DISEASES 
PSYCHONEUROSES AND 
PSYCHOTHERAPY 


1 -THE INCIDENCE OF GENERAL DISEASES 
IN TROPICAL COUNTRIES 

1550.] Even in tropical countries most of the serious cases seen by the 
practitioner are due to general diseases of world-wide distribution. The 
relative incidence of the principal diseases, however, may differ widely Sources of 
from that prevailing in the temperate zone, and some account of the 
variations may conveniently be given here. The data are based mainly 
on an analysis by Rogers (1925) of a large number of necropsies on 
medical cases in Calcutta, which were in close agreement with those 
of the vital statistics of that city; they were compared with the data 
of 1,000 necropsies at St. Mary’s Hospital, London. Somewhat similar 
figures were worked out by Megaw (1935) from returns from the 
Phihppine Islands and from among the employees of the United Fruit 
Company in tropical America. The Calcutta figures showed that only 
one-third of the total deaths were due to tropical diseases; the remaining 
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two-tMrds are therefore well worthy of consideration. Calcutta has a 
good deep drainage system and suffers comparatively little from malarial 
fevers. On the other hand kala-azar, cholera, and dysenteries cause 
28 per cent out of the 33 per cent of deaths due to tropical diseases. 

The ages of the Calcutta necropsy subjects are very different from 
those in London. In order to compare the figures it is necessary to 
exclude cases under 10 years of age as they scarcely occur in the 
Calcutta data. Of the subjects above that age the percentage between 
21 and 40 is 64*4 per cent in Calcutta, against only 29-4 per cent in 
London. As a corollary, in Calcutta only 8 per cent were over 50 and 
only 2 per cent over 60, compared with 38-5 and 14*4 per cent in London. 
The importance of this in explaining the rarity in tropical India of 
certain diseases of the later decades of life will appear presently, but 
the infrequency of enlarged prostate in Calcutta may be mentioned 
here. 


TABLE I. — Percentages of Deaths in the Main Groups of Diseases 


Group 



Lomdon 

Calcutta 

General diseases 

- 

- 

61 

9-23 

Tuberculosis 

_ 

- 

- 13-4 

21-93 

Circulatory diseases 

- 

- 

- 20-3 

10-50 

Respiratory diseases 

- 

- 

- 16-6 

27-13 

Digestive diseases 

- 

- 

7-5 

12-00 

Urinary diseases 

- 

- 

8-6 

6-35 

Nervous diseases 

- 

- 

- 11-9 

7-41 

Malignant tumours 

- 

- 

- 13-8 

4-59 

Remainder - 



1-6 

0-84 


TABLE IL — Percentages of Deaths from the Principal Diseases 


Disease 

London 

Calcutta 

General Diseases 

Anaemia _ _ 

1-5 

2-34 

Leukaemia _ - _ 

1-7 

0-27 

Diabetes mellitus - - 

0-7 

0-18 

Diphtheria ~ _ 

0-5 

0-18 

Septicaemia - _ _ 

0-5 

3-00 

Tetanus _ - - 

0-1 

2-05 

Typhoid _ _ _ 

0-3 

1-21 

Pulmonary tuberculosis - 

5-4 

16-10 

Primary intestinal tuberculosis 

0-0 

1-04 

Circulatory Diseases 

Malignant endocarditis — 

2-6 

1-50 

Rheumatic endocarditis — 

3-7 

0-00 

Aortic valve disease — — 

3-6 

2-73 

Mitral valve disease — — 

4-3 

0-93 

Aneurysm ~ _ 

3-2 

1-59 
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Disease 

London 

Calcutta 

Respiratory Diseases 

Lobar pneumonia - - 

4-2 

1603 

Broncho-pneumonia - - 

6-1 

5-80 

Bronchitis - _ _ 

4-7 

300 

Digestive Diseases 

Gastric and duodenal ulcers - 

2-1 

0-92 

Enteritis _ _ _ 

20 

1-42 

Hepatic cirrhosis 

1-3 

5-91 

Kidney Diseases 



Parenchymatous nephritis 

2-3 

1-96 

Granular kidney 

5-4 

3-46 

Nervous Diseases 

Meningitis (non-tuberculous) - 

2-4 

3-29 

Apoplexy _ _ _ 

6-2 

1-96 


The larger proportion classed as general diseases is due to the following General 
differences in the two series. As might be expected, anaemia was the 
cause of death in 2*34 per cent in Calcutta as compared with 1*5 per 
cent in London. This is only partly due to a very few cases of ankylo- 
stomiasis. On the other hand, leukaemia was more common in London 
(1*7 per cent) but I have met it in Calcutta (0*27 per cent) and on one 
occasion was saved by a blood count from puncturing the spleen in 
mistake for kala-azar. 

Diabetes mellitus caused 0-7 deaths in London against 0T8 in Calcutta, Diabetes 
but 0-6 per cent in the Calcutta vital statistics of persons over 5 years 
of age, to exclude the effect of the extremely high Calcutta infantile 
mortality. The disease is thus rare in the labouring classes in hospital 
but common in well-to-do Indians, who consume large quantities of 
carbohydrates and sugar. Diabetic gangrene is also frequent in such 
persons. 

Diphtheria is somewhat less common in the tropics, although by no Diphtheria 
means rare. The deaths from this disease were 0*5 per cent in the London 
series, against 0T8 in the Calcutta necropsies, but 0*37 per cent in the 
Calcutta Health Officer’s returns. 

Septicaemia, including pyaemia but not puerperal fever, was the cause Septicaemia 
of 3-0 per cent of necropsies and T2 per cent in the vital statistics in 
Calcutta, against 0*5 per cent in London (for surgical necropsies are 
not included in the analysis). I was early struck by this fact, which is 
explainable on the ground that the hot moist atmosphere of Bengal is 
favourable to the survival of streptococci. Some of the fatal secondary 
infections after the old open operation for draining amoebic liver 
abscesses were due to post-operative streptococcal infections; they are 
most difficult to prevent on account of the copious discharges. 

Tetanus shows the greatest difference in the two series, with 2-05 per Tetanus 
cent in the Calcutta necropsies and IT per cent in the vital statistics 
of those over 5 years of age, against only OT per cent in the London 
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necropsies. Still more terrible is the fact that the Calcutta health returns 
of 1921 showed 6'04 per cent of all deaths were due to tetanus, for 
infants formed 87 per cent of the total deaths from tetanus. This is 
due to the filthy customs of ignorant Indian midwives in dressing the 
umbilical cords of newly-born infants, using materials which often 
include the dung of the sacred cow! My attention was early drawn to 
the frequency of deaths from tetanus in patients admitted for street 
injuries in Calcutta, and experiments showed that the insertion beneath 
the skin of rats of a minute pinch of Calcutta street dust produced 
tetanus in five out of six. This led me to advocate prophylactic serum 
in all street wounds, and it is satisfactory to note that the incidence of 
tetanus in the surgical necropsies fell from 20 in the first 1,000 to 2 
in the last 600. This real danger of wounds in tropical country is there- 
fore preventable. 

Enteric fever is well known to be especially common in insanitary 
tropical countries. Hospital data do not bring this out fully, in spite 
of the London necropsies showing only 0-3 per cent of deaths from this 
cause against 1*21 per cent in the necropsies and 2*9 per cent in the 
vital statistics of Calcutta. When I first went to Calcutta in 1900 it was 
generally held that enteric was rare in Indians; but, although only 
three cases had been diagnosed as such in the previous ten years, I 
found six undiagnosed cases in the wards at one time by means of the 
Widal test, then recently introduced (Rogers, 1902). I have also seen 
sixteen cases at once in an European ward of twenty-four general 
medical beds. Indians suffer chiefly during childhood, so do not appear 
in the necropsy records, as they are rarely sent to hospital for enteric. 
The very general use of preventive inoculation against typhoid and 
the paratyphoids has greatly lessened the incidence of the disease in 
Europeans in the tropics; for the India Office and other service recruit- 
ing bodies insist on its use. The disease was greatly reduced in British 
soldiers in India by the isolation of all enteric patients until proved 
no longer to be carriers of the disease, and also by the examination of 
cookhouse and other servants for carriers. 

It is difficult to exaggerate the importance of tuberculosis in India 
and other tropical countries. Yet this was late in being recognized, 
for in 1892 a leading Calcutta physician stated at a congress that 
pulmonary tuberculosis and other lung diseases were rare in natives 
of India. In 1904, in the course of an inquiry into the true causes of 
the 90 per cent of all deaths returned by the village watchman under the 
elastic term ‘fever’, I obtained clear evidence that 90 per mille of the 
total deaths were due to pulmonary tuberculosis. Moreover, the Calcutta 
necropsies show 16T0 per cent and the vital statistics 20*4 per cent due 
to that cause, against 54 per cent in the London necropsies. Further, 
among backward tropical races pulmonary tuberculosis is liable to take 
on a very acute intractable form, as pointed out by Lyle Cummins with 
regard to tropical Africa. In India the disease appears to be inter- 
mediate in severity between that of Europe and that of tropical Africa, 
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and the positive tuberculin reactions are also intermediate between 
the very low figures in West Africa reported by French workers and the 
very high rates in Europe and the U.S.A. (Rogers, 1925). 

Equally interesting is the comparative rarity of surgical forms of Surgical 
tuberculosis in India as compared with Europe. This was clearly shown 
in an analysis of the admissions to the children’s wards of Calcutta 
hospitals (Rogers). It is in accordance with the rarity of tuberculosis in 
cattle, 0-5 per cent in Bengal cattle living largely in the open, and nil 
in 200 hill cattle used in the writer’s rinderpest research. On the other 
hand, I was struck by the frequency of primary intestinal tuberculosis 
in Calcutta necropsies, which were shown by inoculation experiments 
to be not of the bovine type. This may be related to the custom of 
milk being carried in open cans through the dusty streets of Calcutta, 
combined with free open-air expectoration of the people. 

The incidence of malignant tumours in the tropics also presents points Malignant 
of interest. In the first place the Calcutta necropsies showed only 4*59 
per cent due to this cause, against 13-8 per cent in the London series. 

Thus carcinomas were three times as numerous in the London series. 

That this is mainly due to the shorter span of life of the Calcutta subjects 
is clear from the fact that 76 per cent of the London cancer subjects 
were over 50 years of age; for it has already been stated that the 
subjects surviving to over that age were four times as many in London 
as in Calcutta. The excess of cancers in London was especially great 
in those of the stomach, oesophagus, and large bowel, and also of the 
breast. On the other hand, primary cancer of the liver formed 5-7 
per cent of the Calcutta necropsies, but only 2 per cent of the London 
ones. 

Diseases of the circulatory system are of especial interest in view of Circulatory 

^ ^ ^ CllSCClSBS 

the great rarity of true rheumatic fever in such a damp hot climate 
as that of Lower Bengal. Thus, in the London necropsies malignant 
endocarditis forms 2-6 per cent and rheumatic endocarditis 3-7 per cent 
of the fatal cases. In Calcutta the respective figures were 1-50 and 0*00. 

In Calcutta malignant endocarditis was mainly due to pneumococci. 

More remarkable still, among records of 4,800 necropsies spread over 
thirty-seven years in Calcutta only one case of typical rheumatic endo- 
carditis was found, and that patient was not an Indian subject. Norman 
Chevers (1886) had previously noted the rarity of acute rheumatism in 
Lower Bengal. Megaw (1935), however, has met with a few cases in 
the hot, but less humid, north-western provinces of India. Rheumatic 
pericarditis is equally rare. The importance of this fact is that it alters 
the whole aspect of organic cardiac disease and is the main factor 
accounting for the proportion of deaths from circulatory diseases being 
twice as great in the London as in the Calcutta series. Thus, organic 
mitral valve disease was the cause of death in 4*3 per cent of all cases 
in London, but in only 0*93 per cent, less than one-fourth, in Calcutta. 

This is nearly all due to the great rarity of mitral stenosis in young 
adults or adolescents in Calcutta; although this was apparently not 
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known to some of the clinicians judging from the frequency of their 
having diagnosed the condition when there were no signs of it at a 
subsequent necropsy. On the other hand, the relative incidence of 
organic disease of the aortic valve only varied between 2-6 per cent in 
London and 2-73 in Calcutta. It was mainly atheromatous in nature, as 
were most of the few cases of organic mitral disease, the age incidence 
of which was much higher than in the London mitral cases. Aneurysms 
numbered 3-2 percent in London against 1-59 in Calcutta. This is prob- 
ably due to the lower blood-pressure and stamina of Indians. 

On the other hand, the rare extensive and fatal atheroma throughout 
the pulmonary arteries, resulting in enormous hypertrophy followed 
by dilatation of the right heart with dropsy, is by no means unknown 
in Calcutta; for nine cases have been reported (Rogers, 1908), one of 
which was recognized in the wards. The age incidence was low and the 
disease was associated with gummata in some of the cases. 

Respiratory diseases other than tuberculosis accounted for 27*13 per 
cent of the Calcutta deaths, compared with 16T3 in the London series. 
This is essentially due to lobar pneumonia being the commonest cause 
of death in Calcutta with a rate of 16-03, against 4-2 in London. The 
Calcutta vital statistics of those over five years of age confirm this, 
with a figure of 17-9 per cent. Broncho-pneumonia, however, gave the 
very similar figures of 5-80 and 6*1 per cent but nearly all the Calcutta 
cases occurred during the 1918-19 influenza epidemic; apart from this 
the rarity of deaths from broncho-pneumonia is a conspicuous feature 
of Calcutta necropsies in my long experience there. A hot climate 
therefore tends to increase the prevalence of lobar or pleuro-pneumonia, 
but to lessen that of broncho-pneumonia in hospital cases, although this 
is partly due to the few child subjects. The bronchitis deaths did not 
vary so much in the two series, and the Calcutta vital statistics show 
a high mortality for broncho-pneumonia and bronchitis. 

Diseases of the digestive system also show some interesting differences 
in the tropics. In this group the Calcutta deaths amounted to 12*0 
per cent against 7-5 per cent in London. Gastric and duodenal ulcers, 
however, were more common in London, with 2-1 per cent, than in 
Calcutta, with 0-92 per cent. Enteritis was rarer in Calcutta, 1*42 per 
cent, than in London with 2*0 per cent; this is probably due to the small 
proportion of children in the Indian series. The most striking feature 
was the frequency of hepatic cirrhosis in Calcutta, 5-91 per cent, as 
compared with only 1*3 per cent in the London necropsies. This feature 
led the writer to make a special analysis of 4,800 necropsies in Calcutta 
to elucidate it, because the disease was frequent in Mohammedans, who 
are forbidden by their religion to take alcohol. It was thus found that 
there was one case of cirrhosis of the liver to every 3*6 cases showing 
dysenteric ulceration of the large intestine, mostly of a chronic form 
due to amoebic infection, in which repeated attacks of hepatitis occur. 
When liver abscess results it becomes enclosed by a dense fibrous wall, 
and repeated hepatitis might well result in cirrhosis of the organ. It 
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should also be mentioned that cUnically cirrhosis of the liver may be 
simulated in India by ascites associated with a chronic fibroid thicken- 
ing of the whole of the peritoneum. Megaw (1935) regarded this as 
being caused by the passage of the irritating toxins of dysentery bacilli 
through the bowel wall, for such a case may give agglutination with 
Flexner’s dysentery bacillus. 

Kidney diseases were rather more frequent in the London, 8*6 per Renal 
cent, than in the Calcutta series with 6*35 per cent. This is mainly due 
to a lower proportion of cases of granular kidney, probably owing to 
the lower number of elderly persons. Perspiration induced by a hot 
climate may to some extent lessen the work of the kidney. 

Fatal nervous diseases formed 11-9 per cent of the London, but only Nenous 
741 per cent of the Calcutta series. This was solely due to the cases of 
apoplexy being three times as frequent in London and was doubtless 
also associated with the much higher proportion of subjects over the 
age of sixty years, and with the higher blood-pressure of Europeans 
on a mixed diet than that of vegetarian Hindus in India. Cases of acute 
meningitis were rather more numerous in Calcutta, 3*29 per cent, 
against 24 per cent in London. They were mainly pneumococcal or 
due to cerebrospinal fever, the latter not being rare in India. 


2 -MINOR TROPICAL DISEASES 

1551.] Big heel is a painful condition met with among natives of the Big heel 
Gold Coast and in Formosa. It commences with fever, accompanied 
by pain in the heel. The os calcis becomes swollen and tender, and rarely 
other tarsal bones may be affected. In the course of a month or two 
the trouble gradually subsides, and no treatment appears to have much 
effect on its course. 

Mossy foot is a papillomatous condition originally described in the Mossy foot 
Amazon River area of South America. More recently it has been met 
with in West Africa, Abyssinia, and East Africa. Loewenthal (1934) sug- 
gested the name lymphostatic verrucosis for the complaint. It is 
characterized by extensive and closely aggregated papillomas on the 
dorsum and spreading to the sides, but not to the sole, of the foot. 

They are very vascular, somewhat painful, and accompanied by some 
oedema of the foot and lower leg. The disease progresses very slowly, 
and Macfie (1936) gave the duration as from one to twenty years, and 
the age incidence as between ten and sixty years. No sinuses result; this 
enables the disease to be differentiated from Madura foot. The disease 
appears to be inoculable from one foot to the other, so that in time 
both are usually involved. Fungi have been described as occurring in 
the disease, but there is no consensus of opinion on its causation. 

Possibly more than one skin affection may be covered by the term. 

The cautery has been suggested for its treatment and might be effective 
in an early stage. 
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Onalai or chilopa (bleeding disease) has been reported from Portuguese 
West Africa, the Belgian Congo, North Rhodesia, and British East 
Africa by various observers. It is a serious alfection characterized by 
numerous umbilicated vesicles, about the size of a pea, in the mouth 
and nose. These contain either fluid or partly coagulated blood and 
are accompanied by haemorrhages from the affected mucous membranes. 
The chief symptoms are bleeding from the nose and mouth, resulting 
in secondary anaemia and debility and often terminating in death. In 
fatal cases the larynx and trachea show haemorrhages into the mucous 
membrane, and the stomach and oesophagus contain blood without 
being ulcerated. The spleen and liver are not enlarged. The disease 
does not appear to be infectious, although more than one case may 
occur in a family. No specific treatment is known. H. A. Gilkes (1934) 
suggested that the condition might be a deficiency disease allied to 
scurvy. 

Chiufa is also reported from East Africa by H. A. Gilkes (1934) in 
the form of an acute inflammation beginning in the rectum and extend- 
ing up to the descending colon. It is said to commence with the appear- 
ance of a white powder around, the anus, and in women also on the 
vulva. A few days later the patient develops intermittent fever, sweating, 
and weakness. The skin around the anus becomes red and hard and the 
orifice widely patulous, exposing the inflamed mucous membrane of 
the rectum. There is then complete constipation, but as the inflammation 
spreads up to the colon vomiting, and even watery diarrhoea containing 
mucus, set in. Gangrene of the rectum, however, does not occur, but 
native patients generally succumb to the disease after three days. 
Neither the cause of the disease nor any effective treatment is known. 
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l.-DEFINITION 

(S'jwo/iyms.— Ulcus tropicum; phagedaenic ulcer; Naga sore; tropical 
ulcer; Annam ulcer; Cochin sore; Aden ulcer; Yemen ulcer) 

1552.] Tropical ulcer is a rapidly spreading ulcer occurring usually 
on the lower extremities of the body, which quickly assumes a phagae- 
daenic character and is accompanied by considerable pain, local 
oedema, sloughing, and a sero-sanguinous discharge. The edges of 
the ulcer are undermined and the margins are considerably raised. 


2.-AETIOLOGY 

The disease occurs in endemic and sporadic forms in many tropical 
countries and occasionally in subtropical regions. Extensive seasonal 
epidemics have been described from time to time in many regions, 
e.g. Assam, Cochin China, Malaya, certain parts of Africa, the 
Solomon islands, and Melanesia. The disease is common in jungle 
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lands and less common in well settled areas. A high seasonal rainfall, 
a hot and damp climate, and marshy localities favour its occur- 
rence. 

The disease is responsible for much disability among the labour 
population in tea-gardens and railways, and among expeditionary 
forces passing through endemic regions. The resulting economic loss 
is at times considerable; according to Hughes the usual stay of patients 
in the hospital was between 141 and 232 days, and in Assam in 1926 
35 to 40 per cent of the labour population in tea-gardens were at times 
temporarily disabled during the busiest season of the year. 

Occupation plays an important aetiological part. The disease is Occupation 
mainly confined to the bare-footed labouring class whose occupations 
expose them to traumatic lesions. Children and old people are rarely Age and sex 
attacked, and the incidence is higher in males than in females, except 
that it is equal in the two sexes where female labour is employed. 

Much stress has been laid on the influence of debilitating conditions, Relation to 
such as malaria or hookworm infection. Le Dantec (1899) found that ^n/esfatfon 
tropical ulcer had the same geographical distribution as malaria; and debility 
Cross regarded it as a manifestation of malaria and termed it malaria 
ulcer. According to Plehn it is a disease of poverty and misery, but 
Strong disputed the statement that the clinical course of ulcers was 
adversely afiected by the constitution of the natives. Patterson (1908), 
with a very wide experience of a large epidemic in tea-gardens in 
Assam, was convinced that malaria, kala-azar, hookworm, starvation, 
and debilitating conditions due to other causes did not influence the 
disease. 

Edge classed the condition as a deficiency disease; Young, on the Diet 
other hand, considered that the evidence for dietary deficiency, put 
forward by Orr and Gilks and by McCullock, was by no means convin- 
cing. Byron found the blood calcium in eighty-four Chinese suffering 
from ulcers to vary between 84 and 9*5 per 100 c.c. but administration 
of either calcium, cod-liver oil, or mammalian liver raw or semi- 
cooked (Hughes, 1931) had not any beneficial effect on the progress of 
the ulcers. I had the same experience in Assam. Improvement of diet 
and treatment of coexistent pathological conditions do not influence 
the course of the disease, so that malnutrition from various causes, 
as commonly evident among such labouring population, cannot be 
seriously considered as the chief predisposing cause. 

The ulcer starts in a trauma, i.e. any breach of the skin, such as Trauma 
injuries, pricks, cuts, insect and animal bites, ankylostoma papules, 
and irritation caused by poisonous plants. It is assumed that secondary 
infection, the nature of which is unknown, supervenes on the primary 
traumatic lesion. Spirochaetes and Vincent’s bacilli have been regarded 
as causal agents merely because of their presence in a large proportion 
of the ulcers and their penetration deep into the tissues, but without 
due consideration that they may be merely saprophytes. 
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3 -BACTERIOLOGY AND MORBID ANATOMY 


Organisms Le Dantec claimed to have been the first in 1884 to find a bacillus, 
Vincent’s bacillus, in French Guiana, and Plant (1894) first drew atten- 
tion to the presence of a fusiform bacillus, commonly associated with 
a spirillum, in ulcerative lesions of the mouth, throat, and pharynx. 
Vincent (1896) described fusiform bacilli associated with a spirillum from 
the ulcers of forty out of forty-seven Arabian tourists who had returned 
from Madagascar; he detected the same organisms in noma, Plaut- 
Vincent’s angina, scurvy, and hospital gangrene, and was convinced 
of the pathogenicity of these organisms. In 1905 Blanchard described 
and named this spirochaete after Vincent, and Prowazek in 1907 gave 

it Schaudinn’s name; both attri- 
buted these ulcers to the spiro- 
chaete. The consensus of opinion 
is that Trap, vincenti and S. 
schaudinni are identical. The 
pathogenicity of these organisms 
has been emphasized by numerous 
observers (Vincent; Blanchard; 
Wolbach and Todd; Keysselitz 
and Mayer; and Smith). They 
are indistinguishable from the 
organisms obtained in gangren- 
ous ulcers, noma, syphilitic sores, 
gangrene and abscess of the lungs, 
and bronchial spirochaetosis. 

The pleomorphic nature of spiro- 
chaete and fusiform bacilli has 
long been recognized. S. schaudinni 
Cultivation varies in length from 6 to 22ju. Weaver and Tunnicliff were the first to 
anffus^fom cultivate them successfully. David Semple and his co-workers (1919) 
bacilli declared that in cultures the two organisms are indistinguishable. 

Smith (1933) followed the method adopted by Krumwiede and Pratt 
(1913) with consistent results. Vincent’s bacilli in cultures show well 
marked motility. Both spirochaete and Vincent’s bacilli can be recog- 
nized quickly in smears taken from the discharge and stained with 
Leishxnan’s or Giemsa’s stains (see Fig. 1 1). 

Other ^ In addition to the spirochaete and fusiform bacilli, bacteria and cocci 

organisms described. 



Fig. 11. — Fusiform bacilli and spiro- 
chaetes in direct smear from tropical 
ulcer: Giemsa (This and Fig. 12 from 
Indian Medical Gazette, 1928) 


Exhaustive histopathological studies have been made by Strong; 
Sanarelli; Keysselitz and Mayer; and Wolbach and Todd. The upper 
layer of the ulcer shows a dense homogeneous layer in which the 
structure of the tissue can no longer be recognized. Scattered here and 
there are clusters of red blood-cells and polymorphonuclear leucocytes 
and in places much fibrin can be detected, A little deeper the number 
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of leucocytes is greatly increased and a dense coagulation of liquid 
exudate also takes place; the process represents an extensive coagulation- 
necrosis. Deeper still there is a great proliferation of connective-tissue 
cells. According to Smith (1930), sections from actively progressing 
ulcers of from 2 to 4 weeks’ duration show the spirochaete invad- 
ing to a considerable extent the granulation tissue at the base of the 
ulcer. The Malpighian layer of the epithelium in the neighbourhood 
of the ulcer margin is, as a rule, densely infiltrated by the spirochaete. 

The fusiform bacilli, on the contrary, remain for the most part super- 
ficial, forming a dense ‘pallisade’ or fence-like barrier just below the 
surface of the ulcer, but covered more or less completely by a layer 
of necrotic material heavily infected with organisms of various kinds. 

The ‘pallisade’ of fusiform bacilli stops short of the epithelial borders 
of the lesion. The bacilli forming the pallisade are arranged in closely 
packed perpendicular masses. The presence of spirochaetes in the walls 
of small vessels within the capillary is, according to Smith, an additional 
proof of the invasive tendency of these organisms and he suggested that 
they might be present in the blood-stream. 

Although Le Dantec, Apostolides, Patterson, Fox, and Hall Wright Inoculation 
claim to have successfully transferred the disease to both men and 
animals, the bulk of opinion is against such a view. Lloyd Patterson 
first suggested that the eye-fly Siphonella funicola, Meij (see Vol. II, Eye-flies 
p. 127), which has a close seasonal coincidence with tropical ulcerations, 
was responsible for the spread of the disease. This view was further 
strengthened by Wright’s experiment on himself in 1919. On the other 
hand, I was able to prove in Assam that these flies are incapable of 
converting experimental scratches or abrasions into typical phage- 
daenic conditions and that they cannot play a prominent part in the 
outbreak of an epidemic, although the advent of the eye-fly and that 
of Naga sore are simultaneous. Fox reported that in one tea-garden infection 
fourteen coolies, when inoculated with cholera vaccine, developed Naga 
sore on the site of the puncture. Another author reported the occurrence 
of the disease on unhealed vaccination sores, and Blanchard also reported 
tropical phagedaena supervening on vaccine pustules. 


4.-CLINICAL PICTURE 

The parts of the body naturally subjected to trauma are mostly Site of origin 
affected; hence the ulcer commonly occurs below the knee. The starting 
point of the ulcer is always a cut, abrasion, insect bite, or other trau- 
matic lesion. 

The ulcer may be single or multiple. The site of injury soon turns into Ulceration 
an ulcer, which spreads rapidly, deepens considerably, and becomes 
covered with a greyish-yellow thick purulent foul-smelling slough. 

The margins tend to become undermined from the beginning. The 
spread in some cases is so rapid that in the course of five to eight days 
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it preseats a phagedaenic appearance with fetid discharge. The super- 
ficial fascia, muscles, tendons, nerves, and vessels may be destroyed. 
In severe cases necrosis of bone may take place. The shape depends 
on the nature of the injury (see Fig. 12): a prick results in a circular 
ulcer and a cut from a spade in an irregular form. Considerable swelling 
of the affected part is frequent and may even simulate filarial ele- 
phantiasis. The margins of the ulcers are considerably raised and 
present a cup-shaped appearance when the ulcer is circular. It is difficult 
to make out its depth on account of the presence of a tenacious slough; 

it contains numerous 
spirochaetesandfusiform 
bacilli. A watery sero- 
sanguineous discharge 
from the ulcer is ex- 
tremely putrid and has 
a gangrenous odour. The 
slough is so adherent that 
it is difficult to remove 
it and the underlying red- 
granulation-tissue bleeds 
on the slightest attempt 
at removal. 

Patterson and Scott 
laid stress on pain as 
an important symptom. 
Scott remarked, "I have 
in mind a clear picture 
of the unfortunate 
patients sitting on the hospital verandah nursing their legs and dis- 
playing in their faces the utmost misery and pain, they would not 
have the sores touched and suffered greatly when they were dressed’. 
Walking and standing are very painful, but the pain is considerably 
relieved by lying down. Enlargement of neighbouring glands is infre- 
quent. There is little or no constitutional disturbance. The disease is 
generally non-febrile during its whole course. 

These ulcers are generally self-limited and the majority do not extend 
beyond the deep fascia. Healing is very slow and leaves a whitish scar 
which is sometimes disfiguring. No immunity, local or general, is 
conferred. 



5-DIAGNOSIS 

Diagnosis must be made by the general appearance of the ulcer 
and its phagedaenic character. Veldt sore (see p. 538) is a different 
condition. 
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6-TREATMENT 

In order to prevent cuts and abrasions I first suggested the wearing Prophylaxis 
of puttees, and Kerby stated that the incidence of ulcus tropicum 
has decreased enormously wherever the wearing of puttees has been 
enforced. 

There is a wide divergence of opinion as to the efficacy of any particular 
method of treatment. Treatment should be mainly in accord with 
surgical principles and local. Attention should, however, be paid to the 
patients’ general health and hygiene, and dietary deficiency should be General 
corrected, although improvement of the diet does not materially 
shorten the course of the disease. Absolute rest is essential and should 
be the fundamental part of the treatment. 

An essential preliminary is the cleansing of the surface of the ulcers Local: 
by powerful caustics such as pure liquefied phenol or copper sulphate. 

McGuire stated that an ulcer of the usual size healed in about two 
weeks under the following treatment: swabbing of the ulcer twice daily 
with a solution containing copper sulphate 180 grains, phenol 60 grains, 
distilled water 1 fluid ounce, followed by dusting with a powder con- 
sisting of one part of iodoform and three parts of bismuth subgallate. 

This treatment is painless. Bathing the affected parts in a disinfectant Antiseptics 
lotion such as solution of mercuric chloride, potassium permanganate, 
eusol, or electrolytic chlorogen, followed by the application of iodo- 
form and boric acid, is generally recommended. 

Chronic ulcers may show a poor tendency to heal; their undermined Scraping and 
and indurated edges should be clipped away with scissors followed by 
application of B.LP.P. When the ulcer spreads in spite of the most 
energetic treatment, its total excision under local or general anaesthesia 
should be tried. Healing is hastened by Thiersch skin grafting. 

Sayers modified Dickson Wright’s method of strapping to the treat- Strapping 
ment of ulcus tropicum. The leg is firmly encased from foot to knee in 
a 3-inch spiral bandage; no special attention is paid to discharge from 
the ulcer, and the bandage is changed once a week. The patient is 
allowed to continue his usual activities. 

Arsenical preparations, and dyes, such as methyl violet, brilliant Drugs and 
green, and acriflavine, have not proved effective, and X-ray therapy is 
disappointing. Loewenthal reported that daily intravenous injections Calcium and 
of 15 grains of calcium chloride in 10 c.c. of distilled water, until 
recovery was complete, promoted rapid separation of the slough and 
healing of the ulcer. Brown obtained excellent results from parathyroid 
treatment. Maggot treatment may prove useful and may be given a Maggots 
trial (see Myiasis, Vol. IX, p. 64). 
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Reference may also be made to the following title: 

ARTHROPODS AND DISEASE 


1-DEFINITION 

(^Synonym . — ^African trypanosomiasis) 

1553.] Sleeping sickness is an infection met with in tropical Africa due 
to protozoal parasites belonging to the genus Trypanosoma, disseminated 
by various tsetse flies (Glossina), and characterized by irregular febrile 
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disturbances, by an erythematous eruption and localized oedemas, by 
a polyadenitis, tachycardia, and later in the disease by various nervous 
phenomena; in untreated cases the infection usually terminates in coma 
and death. 


2.-PARASITOLOGY 

(1) — Trypanosomes 

Two forms of sleeping sickness are commonly recognized, one due to 
Trypanosoma gambiense and the other to Trypanosoma rhodesiense. 
Although the identity of these two trypanosomes has been the subject 
of much discussion, and considerable evidence has been accumulated 
indicating that they are very closely related if not identical, nevertheless 
from the clinical point of view it is convenient to regard the parasites, 
and the diseases which they cause, as separate entities. Their geo- 
graphical distributions are not the same, the tsetse flies responsible for 
their dissemination differ, the two infections exhibit certain clinical 
differences, and their reactions to drugs differ. 

Trypanosoma gambiense and T. rhodesiense are found in the blood 
usually in scanty numbers, but sometimes, especially in the case of 

id) ® (c) id) (e) 

Fig. 13. — id)-(d), various forms of Trypanosoma gambiense and T. rhodesiense met 
with in human blood, and ie) the posterior-nuclear forms found in the blood of 
animals inoculated with T. rhodesiense. x 1300 

r. rhodesiense, they may be present in large numbers. They belong 
to the polymorphic group of trypanosomes and are curved fusiform 
organisms varying from about 10 to lip up to 32/^ in length. The 
shorter individuals are relatively broad but the longer forms are slender. 
The nucleus is large and is situated towards the centre of the body, 
and the kinetoplast is small and near the posterior end. From the 
kinetoplast arises a flagellum which runs anteriorly and is bound to 
the body by a delicate undulating membrane. In the long and slender 
individuals the flagellum is continued some distance beyond the anterior 
end of the body as a free flagellum; in the short and broad forms the 
flagellum ends at, or immediately beyond, the anterior end of the body, 
so that the free flagellum is either absent or extremely short. The 
parasites multiply in the blood-stream by longitudinal division (see 
Fig. 13, <2 to d). In cover-slip preparations of fresh blood, the trypano- 
somes can readily be detected owing to their motility; they wriggle 
actively in situ creating a disturbance among the red corpuscles. 

In^ the blood of man the two trypanosomes are morphologically 
indistinguishable from one another. When they are inoculated from 
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man into small laboratory animals, e.g. rats, mice, and guinea-pigs. Relative 

T. rhodesiense is much more pathogenic than T. gambiense. T. rhodesiense Pfdiogemcity 
produces a rapidly latal disease in these animals and the trypanosomes animab^ 
are found in larger numbers in the peripheral blood. Certain of the 

short broad trypanosomes in the blood of laboratory animals infected 
with r. rhodesiense exhibit a morphological peculiarity, the nucleus 
being displaced posteriorly (see Fig. 13, e) and in extreme cases lying 
actually between the kinetoplast and the posterior extremity of the 
body. Such forms are termed posterior-nuclear forms: they are believed 
to be due to irregular division, and although they are common in 
rhodesiense infections of laboratory animals, sometimes constituting 
5 per cent or more of the total short forms, they have very rarely been 
seen in gambiense infections. 


(2) — ^Vectors 

Although it has been proved experimentally that many of the tsetse Tsetse flies 
flies are capable of transmitting both T. gambiense and T. rhodesiense, 
nevertheless in nature 
Glossina palpalis, and 
to a less extent G. 
tachinoides, are chiefly 
responsible for the dis- 
semination of T. gam- 
biense, and G,morsitans 
and G. swynnertoni for 
that of T. rhodesiense, 

Glossina are narrow- 
bodied and elongate, ^ 
dark brown, blackish, 
yellowish - brown, or 
yellow flies ranging in 
size from about 8 mm. 
to 13 mm. according 
to the species. They are 
recognizable when 
alive and at rest by 
their wings being closed 
flat one over the other 

like the blades of a Fig 14.-Gtema 

(This and Fig. Id from Gwde to the Study of Tsetse- 
pair of scissors, and Newstead) 

by the biting proboscis 

projecting horizontally in front of the head (see Fig. 14). Both sexes 
are blood-suckers and feed during the daytime. 

The female gives birth to a single larva at intervals of several days. Life history 
The larva is a creamy-white or pale yellow footless maggot, nearly as 
large as the abdomen of the mother, with a pair of intensely black shin- 
ing protuberances at the posterior end, separated by a depression 
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containing the respiratory apertures. The larvae immediately after birth 
crawl to a place of concealment and quickly pupate. Tsetse fly pupae 
are dark brown, and the tumid lips seen in the larva are equally 
conspicuous in the pupa (see Fig. 15). The pupa hatches within three 
to five weeks according to the climatic conditions, and the adult fly 
emerges. 

For all practical purposes the geographical distribution of Glossina is 
confined to the tropical and subtropical portions of the African contin- 
ent. Within this area tsetse flies are not found continuously but are 
restricted to ‘belts’ or ‘patches’ of forest and bush. The various species 

differ in their habitats: Glossina palpalis eind 
G. tachinoides are never found far from water- 
courses, whereas G. morsitans and G. swynner- 
toni are widely distributed independently of 
water. 

(3)— Trypanosomal Cycle in Tsetse Fly 

Glossina owes its importance in the dis- 
semination of sleeping sickness to the fact 
that the trypanosomes undergo a definite 
and complicated biological development in 
its digestive system, the anatomy of which 
is shown in Fig. 16. It has been shown that a 
tsetse fly can transmit the infection mechani- 
cally when it is removed from an infected 
animal before it has completed its meal and 
transferred immediately to a healthy animal, but there is little doubt 
that transmission of the infection from man to man by this method of 
interrupted feeding is exceptional in nature. When, however, such flies 
are subsequently fed on a succession of healthy animals, they do not 
transmit the infection until after the lapse of a period which varies 
with the temperature, and possibly with other conditions not yet under- 
stood, and which is usually from about ten to twenty-five days. During 
this latent period the trypanosomes are undergoing their biological cycle 
of development in the fly, the main features of which are as follows. 

In the infecting meal the trypanosomes are carried with the blood 
into the intestine of the fly. Here they multiply and change morpho- 
logically, becoming large and broad (see Fig. 17, a), and lose their 
capacity for infecting the vertebrate host. Within a few days they pass 
round the posterior end of the peritrophic membrane to reach the 
extra-peritrophic space situated between the membrane and the epi- 
thelial cells lining the intestine. The peritrophic membrane is a delicate 
sleeve-like membrane which is secreted by certain large cells in the 
proventriculus and extends down the intestine about as far as the entry 
of the Malpighian tubes; it thus separates the epithelial cells of the 
intestine from the intestinal contents (see Fig. 16, B). In the extra- 
peritropMc space the trypanosomes multiply enormously and undergo 


Fig. 15.— Pupa of Glossina 
morsitans: x 1^ 
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further changes in morphology. About the tenth day the swarm of 
trypanosomes has extended anteriorly along the extra-pentrophic space 
and reached the level of the proventriculus. They then escape from the 
extra-peritrophic space at the place where the membrane is formed and 
reach the lumen of the proventriculus. The trypanosomes found m the 


!b. hp la 



Fig. 16 .— Diagrammatic representation of: A, internal anatomy of Glossina , 
transverse section of mid-intestine, showing trypanosomes betw^n pentroplnc 
membrane and epithelial cells lining intestine; C, transverse s^tion of infected 
salivary gland; D, transverse section through proboscis; and E, longitudinal view 
of pr^oLs cr., crop; /. ch., food channel; h. int., hind intestme; hp., hypopharynx; 

toS'/l:iabr,^-epipharynx; malp. t., Malpighian tutes; rrucl.jnt 
intestine; peritr. mem., peritrophic membrane; prov., proventnculus, sal. d., salivary 
duct; sal.gL, salivary gland; tryps., trypanosomes 


proventriculus are very long and slender and characteristic (see Fig. 
n b). The parasites maintain themselves in the proventriculus partly 
by multiplication of the long slender forms and partly by continual 
replenishment from the trypanosomes multiplying in the extra-peri- 
trophic space. The infection spreads forward from the proventnculus 
UP the oesophagus along the labial cavity in the proboscis, back into 
the hypopharynx, and so into the ducts of the salivary glands and 
finally into the glands. When the long slender trypanosomes of the in^hvary 
proventricular type reach the salivary secretion they change mto ^ 
crithidia and then, after active multiplication, into trypanosomes closely 
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resembling those found in the blood of man (see Fig. 17, c and d). 
These last forms, which are known as metacyclic trypanosomes, are 
Infective capable of infecting the vertebrate host and represent the completion 
forms of the developmental cycle in the 

tsetse. 

In comparatively few of the tsetse 
flies "which feed on an infected man 
or animal do the trypanosomes succeed 
in completing their complicated evolu- 
tion. The factors determining the pro- 
portion of flies which become infective - 
are as yet obscure. Climatic condi- 
tions, especially temperature, exert an 
important influence. As long ago as 
1912, Kinghorn and Yorke showed 
that relatively high temperatures (75°- 
85° F.) were necessary for the com- 
pletion of the developmental cycle of 
T. rhodesiense in G. morsitans. It is 
known that trypanosomes in the blood 
of some patients and of some animals are much more capable of de- 
veloping in the tsetse than are those in other patients or other animals. 
Furthermore, it has been established by Van Hoof, Henrard, and Peel 
(1937) that newly hatched flies which make their first meal on an 
infected man or animal are more likely to become infected than are 
those which have one or more feeds on a normal animal before the 
infecting meal. Flies in which the trypanosomes have completed their 
developmental cycle remain infective indefinitely. 



(e) W 
Fig. 17. — Developmental forms of 
T. gamble nse or T. rhodesiense. 
(a) gut form; (b) proventriculus 
form; (c) crithidial form from 
salivary glands; {d) metacyclic 
form from salivary glands, x 1300 


Age of flies 


Duration of 
infectivity 


3.-GEOGRAPHICAL DISTRIBUTION 

Sleeping sickness is widely distributed in tropical Africa between 
T gambiense latitudes 15° N. and 20° S, Broadly speaking, the form of sleeping 
sickness due to Trypanosoma gambiense is found in West and Equatorial 
Africa and does not extend eastwards beyond the littorals of the great 
lakes. Cases have been found as far north as Senegal and the Anglo- 
Egyptian Sudan, and as far south as Angola and Bechuanaland. In 
many parts of this vast area the disease is either absent or only mildly 
endemic but in other places it occurs in great epidemics. The most 
High ^ severely affected zones are found in the basins of the great rivers and 
dver^vatleys tributaries, namely the Gambia river, the Volta, the Niger, and 
above all the Congo. This is because the chief vector of gambiense 
sleeping sickness is Glossina palpalis which is strictly limited in its 
distribution to water-courses and is never found far from the banks of 
rivers or the shores of lakes. 

T. rhodesiense The form due to Trypanosoma rhodesiense occurs chiefly in south-east 
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Ceatral Africa, i.e. in Northern Rhodesia, Nyasaland, Tanganyika, 
and Portuguese East Africa. In most of these countries the disease 
occurs sporadically and not in epidemic form, but epidemic foci exist 
in Tanganyika. The chief vectors of this form of the disease are 
G. morsitam and G. s^K'ynnertoni which, unlike G. palpalis^ are not limited 
in their distribution to water-courses. 

In 1936 Deutschman stated that in the African territories situated Number of 
between the tropics, the total population of which may be estimated 
at 65 millions, nearly 7 millions were examined for sleeping sickness 
in the course of a year (1934-35), and 140,000 fresh cases of the 
disease were discovered and treated, besides, a similar number of old 
cases. 

4 -MORBID ANATOMY 
(1) — ^Morbid Changes in Tissues 

In many patients the trypanosomes multiplying in the skin at the site Skin lesion 
of the infective bite produce an indurated inflammatory lesion which 
subsides without suppuration. Within a very short period the trypano- Invasion of 
somes invade the blood-stream, where they multiply and give rise to 
a general septicaemia. Although there is good reason to believe that 
many of the organs of the body, such as the liver, spleen, kidneys, heart 
muscle, the minute blood-vessels, and haemopoietic tissue, are damaged 
by the toxins secreted by the trypanosomes, the chief reactions are seen 
in the lymphatic glands and in the leptomeninges. There is a general Lymph glands 
adenitis, the lymphatic glands becoming enlarged and elastic. In section 
they show a hyperplasia of the follicles and a multiplication of the 
macrophages in the sinuses, and around the vessels is an infiltration 
of leucocytes and plasma cells. Later the glands become sclerosed, the 
follicles and glandular tissue being replaced by fibrous tissue. 

The most important changes in sleeping sickness occur in the pia- Lepto- 
arachnoid. The minute blood-vessels in the meninges, in the choroid 
plexuses, and in the brain substance are damaged by the trypanosomes, 
which eventually pass through the altered endothelium into the peri- 
vascular spaces and give rise to a leptomeningitis. This inflammation 
of the leptomeninges is precocious and progressive and is responsible 
for the characteristic clinical manifestations of the disease. 

At necropsy the dura mater, in advanced cases, is adherent to the Post-mortem 
cranium and to the underlying meninges. On incising the dura a con- 
siderable amount of clear fluid may escape, and the brain appears 
oedematous and congested. In such cases, owing to the intracranial 
pressure, the surface of the brain is smooth; the sulci tend to be 
obliterated but the convolutions are broad and of normal size. In less 
pronounced cases there is little excess of fluid and the surface of the 
brain appears normal. The meningitis is predominantly vertical and 
according to Calwell rarely extends more than half-way down the 
sides of the cerebral hemispheres. Meningeal adhesions at the base of 
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the brain are rare. There is a diffuse generalized leptomeningitis, which 
is just as marked on the inner surface of the hemispheres as on their 
lateral aspects. The brain is of normal consistence, but here and there 
it may exhibit softenings at the sites of haemorrhagic foci. The ventricles 
are often distended, and the choroid plexuses show signs of chronic 
inflammation. 

Histology On microscopic examination the generalized leptomeningitis is mani- 
fested not only by a proliferation of the neuroglia cells in the adjacent 
nervous substance but also by a proliferation of the endothelial cell 
nuclei and by infiltration of the pia-arachnoid with lymphocytes and 
plasma cells. 

Perivascular A Striking feature of sections of the brain is a universal perivascular 
infiliratwn infiltration. This consists of a proliferation of the vascular endothelium. 



Fig. 18.— Section of brain showing perivascular infiltration ( x 280), 
and morular cell ( x 1300) 


and packing of the Virchow-Robin space — the continuation of the 
subarachnoid space formed by the reflection of the pia-mater along 
each blood-vessel which enters the nervous tissue — with proliferated 
and enlarged neuroglia cells, and with lymphocytes, plasma cells, and 
Morular morular cells (see Fig. 18). Morular cells, which were first described by 

cells Mott, are large round or oval cells with the nucleus staining deeply 

blue and pushed to one end or pole; the cytoplasm contains a large 
number of clear spherules staining with eosin and giving the cell a 
mulberry appearance. The origin of these peculiar cells is still uncertain; 
Mott, who found them also in infected lymphatic glands, believed that 
they were degenerate plasma cells. Peruzzi concluded that, although 
probably they had a multiple origin, the neuroglia was their most 
common source. Mackie found morular cells most common in the 
cellular exudate of the pia-mater and Virchow-Robin spaces; but, as 
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he also found them in normal intestinal mucosa, he agreed with Mott 
that their origin cannot invariably be neuroglia cells. Bertrand, Bablet, 
and Sice are of opinion that they are derived exclusively from plasma- 
cytes. 

Chronic inflammatory change in the central nervous system is mani- Inflammatory 
fested by proliferation and overgrowth of the neuroglia cells, especially 
those related to the subarachnoid and perivascular spaces. The lesions 
of the neural elements are, as a rule, slight and not comparable with 
those seen in general paralysis. In sleeping sickness the morbid change 
is thus primarily interstitial, with some secondary parenchymatous 
atrophy. 

(2) — Changes in Cerebrospinal Fluid 

During the course of sleeping sickness certain very characteristic 
changes occur in the cerebrospinal fluid. According to Sice, the alternat- 
ing multiplication of trypanosomes in the general circulation, and their 
subsequent destruction during the trypanolytic crises, which are a 
constant feature of the evolution of the disease, occasion vascular 
changes which are particularly manifest in the region of the terminal 
ramifications of the blood-vessels. The choroidal plexuses of the 
ventricles, which are in the main responsible for the secretion of the 
cerebrospinal fluid, consist essentially of numerous large convoluted 
capillaries embedded in loose connective-tissue covered by a layer of 
speciahzed epithelium, and appear to be very vulnerable. These plexuses, 
however, are not the only source of cerebrospinal fluid: it also receives 
contributions from the Virchow-Robin spaces, which surround the 
blood-vessels nourishing the brain substance and open into the sub- 
arachnoid space. The cerebrospinal fluid is thus formed at the surface 
and in the depth of the brain and passes from one part to another 
through the foramina of Magendie and Luschka (see Fig. 19). Thus 
the morbid changes which occur in the choroid plexuses, in the Virchow- 
Robin spaces, and in the pia-arachnoid are manifested by the changes 
in the cerebrospinal fluid. For details of the formation and circula- 
tion of the cerebrospinal fluid see Vol. Ill, p. 55. 

The cerebrospinal fluid is usually clear; exceptionally, when the Physical 
cellular reaction is very great, it may be opalescent, but in such cases 
it is well to consider the possibility of bacterial infection. Usually the Pressure 
pressure is slightly raised, 30 to 35 cm. of water in the sitting position, 
but sometimes it may reach as much as 100 cm. of water; subnormal 
pressure is exceptional. 

An increase in the number of white cells is the earliest change seen. Cytological 
At first there is a simple increase in the lymphocytes which, instead of 
being 2 or less as in the normal state, are found to be 10 to 20 or more 
per c.mm. As the disease progresses the number of lymphocytes 
increases, and other cells, namely plasma cells, morular cells, large 
mononuclear cells, and occasional eosinophil cells, indicative of more 
pronounced changes, appear, so that in advanced cases the total cells 



272 


TRYPANOSOMIASIS 


[VOL. XII 


in the cerebrospinal fluid may number several hundreds and even 
Trypanosomes thousands per cubic millimetre. Trypanosomes are often, but by no 
in spinal means invariably, found in the centrifugalized deposit. 

. Increase in the total protein content is a very important and constant 

sign; instead of the normal amount of about 0-2 gram per litre, the 
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Fig. 19.— Diagram showing circulation of cerebrospinal fluid 
(From The Diagnosis of Nervous Diseases by Purves Stewart) 

value may be from 0’3 gram up to bO gram or even more. Coincidently, 
with increase in protein there is a fall in the chloride and sugar values. 
Colloidal reactions, particularly the modification of Lange, have been 
examined repeatedly in human trypanosomiasis by Le Dentu and Vaucel, 
and by Faiibairn, and others. Fairbairn tested the cerebrospinal fluid 
of a number of rhodesiense sleeping sickness patients with Lange’s 
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colloidal gold reaction and also estimated the total proteins present. He 
found that the reaction was usually of the ‘tabetic’ type, the intensity 
running parallel with the amount of protein present; when the reaction 
was of the ‘general paralysis’ type it had a grave prognostic significance. 

Fairbairn considered that estimation of the total protein is the best Use of tests 
guide to prognosis; it is also the best evidence in deciding when a Prognosis 
patient is cured, and whether the case is one of relapse or reinfection. 

The colloidal gold reaction is influenced by treatment earlier than is 
the amount of protein and is consequently not so useful in prognosis. 

The first change produced in the cerebrospinal fluid by meningeal Earliest 
inflammation is, then, a cellular reaction. The number of lymphocytes 
and mononuclear cells increases, as a rule slowly; living cells indicate 
an active inflammatory process, but the appearance of dead cells 
suggests old chronic lesions. Broden considered that the presence of 
vacuolated cells and morular cells in the cerebrospinal fluid implied 
old-standing and grave involvement of the central nervous system. 

As the cellular reaction develops, the amount of protein in the cerebro- Later 
spinal fluid increases. The increase is, as a rule, gradual but may continue 
until the amount reaches 1 gram or more per litre. According to Sice 
this is a certain sign of inflammatory changes, not only in the meninges 
but also in the parenchyma. In some cases the increase of protein stops 
for prolonged periods, and this seems to indicate an arrest in the 
evolution of the disease. In short, the number of cells, which is an 
indication of the degree of meningeal vascularity, may fluctuate rapidly; 
but the excess of protein, which is an indication of profound lesions 
involving the parenchyma, varies much more slowly: it often falls to a 
level of about 0-4 gram per litre and remains there indefinitely. 

Usually, when the patient exhibits definite nervous symptoms, changes Relation of 
can be seen in the cerebrospinal fluid; the reverse, however, is not true, cefebw^inal 
because it is now known that the cerebrospinal fluid may exhibit fluid to 
morbid changes in cases which do not present any clinical signs of 
nervous lesions. For example, Bertrand, in 601 lumbar punctures in 
sleeping sickness regions, found changes in the spinal fluid in 34 per 
cent of the infected cases which showed no clinical signs. De Marqueissac 
found a cellular reaction in the spinal fluid of 46*5 per cent of patients 
who were clinically in good general condition, and somewhat similar 
observations have been made by other investigators. 

In human trypanosomiasis the nervous system becomes involved much Time of 
earlier in the disease than was formerly thought. Among Europeans, 
in whom the approximate date of infection is easier to ascertain than in fluid 
in African patients, Sice discovered morbid changes in the cerebro- 
spinal fluid of three cases with gambiense sleeping sickness four, eight, 
and ten months, respectively, after infection; and Leger recorded early 
changes in the cerebrospinal fluid of three Europeans infected in the 
Ivory Coast. Buchanan discovered a pronounced cellular reaction in 
the spinal fluid of ten patients suffering from rhodesiense sleeping sick- 
ness within three months of the first clinical manifestations of the 
E.M. VOL. xn r 
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disease. Observations by Keevill and by Maclean and Fairbairn also 
indicate that in rhodesiense infections the cerebrospinal fluid may exhibit 
changes very soon after a person becomes infected. 


5 -CLINICAL PICTURE AND COURSE 
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It has recently become recognized that in many patients the first sign 
of the disease is a local lesion at the site of the infective bite. This 
primary lesion is a furuncle-like swelling of the skin^ which does not 
produce pus, and which appears within a few days of the bite of an 
infected Glossina. In well marked cases the trypanosomal chancre, as 
it is called, consists of a raised, indurated, button-like area, dark red 
or violet-red in colour and measuring up to 3 or 4 cm. or even more in 
diameter. The surrounding tissue is oedeniatous and the lesion is 
painful and very sensitive to pressure; it may persist for two or three 
weeks, That these lesions are due to the trypanosome, and not to 
inflammation resulting from the bite or to secondary infection, is 
proved by the presence of large numbers of trypanosomes in the tissue 
fluid, and by the fact that the lesion is quickly cured by trypanocidal 
drugs. Although in pronounced cases the lesion is very characteristic, 
in many cases it is less definite and forms a small bluish-red, indurated, 
slightly raised area, which can be distinguished from a non-infective 
bite because it is harder, more sharply demarcated, and persists for 
some days. According to Graf well marked trypanosomal chancres 
are always associated with severe general symptoms; when the primary 
lesion is but slightly developed the general symptoms are mild. 
Although until recently this trypanosomal chancre has received little 
attention, during the last few years it has been reported from many 
quarters. It has been seen both in T. gambiense and T. rhodesiense 
cases, and although there seems no doubt that it may be absent in a 
certain proportion of cases it is probably exhibited by the average 
European case. The recognition of these trypanosome chancres is 
important from the point of view of early diagnosis, because trypano- 
somes can be found in them in considerable numbers some days before 
they can be discovered in the blood. 

Seven to fourteen days after the infective bite the infection manifests 
itself suddenly by a sharp febrile disturbance, which is often associated 
with a rigor. The temperature rises quickly and within a day or two 
may reach 103° or 104° F. At this time trypanosomes are usually present 
in the peripheral blood in sufficient numbers to be discovered by micro- 
scopic examination. After about a week the temperature often falls to 
normalfor a fewdays and then rises again. The second febrile disturb- 
ance is usually less violent than the first and of shorter duration. This 
fever of invasion, as it is called, is characterized by violence, tendency 
to remit and to recur, and gradual subsidence. 

When the initial acute febrile disturbance is over, the patient passes 
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into a non-febrile state or, more commonly, into a state in which the Non-febrile 
morning temperature is normal and the evening temperature slightly 
raised to 99° or 99*5° F. At irregular periods this condition of com- 
parative non-febrile calm is interrupted by acute exacerbations of fever 
lasting a few days. 

Asthenia, which is so characteristic of the disease, appears early and Asthenia 
becomes progressively more pronounced. Headache, at first transitory 
but later permanent, is constant. The patient becomes drowsy during 
the day but suffers from 
insomnia at night. Other 
important early signs of 
the disease are a general- 
ized adenitis, tachycardia, 
erythematous eruptions, 
and localized oedemas. 

Enlargement of the 
lymphatic glands is one 
of the earliest and most 
characteristic signs, the 
importance of which in 
diagnosis was emphasized 
in 1906 by Dutton and 
Todd. The hypertrophied 
glands are easily felt; they 
are freely movable and 
are, as a rule, painless; 
they are elastic and semi- 
fluctuating, giving the sen- 
sation of a ripe damson 
on palpation. In this stage 
the glands are character- 
istic of the disease, and 
from them the trypano- 
somes can be readily 
obtained on puncture (see 
p. 278). Later the glands 
become sclerosed and are 

hard and shotty. Intermediate stages between these extremes occur, and 
sometimes even in the same area glands in aU stages can be felt. All 
groups of glands are involved, but those in the neck are most conveni- 
ently examined. The condition of the scalp of the native is, however, 
a common cause of enlargement of the cervical lymphatic glands, but 
large, elastic, painless, and freely movable glands of the kind mentioned 
above are very characteristic and merit careful examination for trypano- 
somes. Other groups of enlarged glands, which can easily be recognized 
clinically, are in the axillae, in the inguinal and femoral regions, in the 
popliteal space, and in the epitrochlear region. There is no doubt that 
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Fig. 20. — ^Eariy case of sleeping sickness, the main 
symptoms being severe and continued headache 
and inability to sleep at night. (This and Fig. 21 
from Reports of the Trypanosomiasis Expedition 
to the Congo, 1903-1904, by Dutton, Todd, and 
Christy) 
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the infection causes enlargement of the liver and spleen but, as sleeping 
sickness patients have so often suffered from malaria and other tropical 
complaints, little importance can be attached to this as a clinical sign 
of trypanosomiasis. 

Tachycardia is very constant in an early trypanosomal infection. Even 
in the apyrexial periods the pulse-rate is usually over 100 per minute. 
The arterial blood-pressure is usually low. It is possible that these 
circulatory phenomena are due to myocardial changes which Peruzzi 
has shown to be so comnionin monkeys experimentally infected. 
Erythematous eruptions may appear at any stage of the disease but 
are particularly common during its earlier stages. They are usually 
most prominent on the trunk but may extend on to the face and limbs 
and are much more easily seen on the light skin of the European than 
on the black skin of the African. Sometimes they assume the form of 
large irregular patches but often arc circinate. Usually they are transient 
but they may persist for prolonged periods. When the rash fades it 
leaves no trace and its disappearance is not accompanied by desquama- 
tion. 

Localized transient oedemas, particularly in the lower eyelids and 
ankles, may be seen as early as the first few weeks of the disease. 
Albuminuria is not constant but is found in many cases, not only at 
the beginning of the infection but throughout its whole course. Some 
patients exhibit quite early signs of gastro-intestinal disturbances with 
vomiting and diarrhoea of varying intensity. 

As the disease progresses the patient becomes more and more 
emaciated and asthenic, the slightest effort fatigues him, and he becomes 
apathetic. He is drowsy during the day-time and frequently falls asleep, 
but insomnia at night is the rule. Neuralgic pains, muscular cramps, 
and rheumatic pains in the joints are common. Many patients complain 
of a sense of tingling in the face, the palms of the hands, the fingers, and 
the soles of the feet. Hyperaesthesia is often noticed quite early. Deep 
pressure, such as that which occurs in the palm of the hand when turning 
a large key in a stiff lock, is followed after a short interval by a degree 
of discomfort amounting to actual pain (Kdrandel’s sign). Paresis of 
one or more muscular groups, particularly of the facial muscles, is not 
uncommon in the early stages. Coincidently with these symptoms 
psychical disturbances develop. The patient becomes irritable, melan- 
cholic, emotional, or depressed. Memory fails, there is intellectual 
degeneration, and the character changes. 

As the meningo-encephalitic changes progress the patients may exhibit 
multitudinous nervous signs, such as paresis or paralysis of various 
muscles or groups of muscles, hemiplegia or paraplegia with incontin- 
ence, incoordination of movement, alterations in muscle sense, rigidities, 
various contractures, epileptiform convulsions, delirium, severe head- 
ache, pronounced somnolence, and profound psychical disturbances. 
Finally, they sink into a state of coma, and death results. Although no 
part of the central nervous system escapes, different portions of it 
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seem to be predominantly involved in different cases, with the result 
that clinically a whole series of nervous types of the disease have been 
described, such as medullary, cerebellar, cerebral, and psychical. 

With the development of nervous manifestations the earlier symptoms Changes in 
tend to become modified. The fever does not entirely disappear but 
becomes much less pronounced, and there may be long apyrexial 
periods interrupted now^ and again by rises of temperature which begin 
and end suddenly. The tachycardia so characteristic of the early stages 
often becomes less pro- 
nounced, but the cardiac 
manifestations, e.g. bruits, 
arrhythmia, hypertrophy, 
or dilatation, develop and 
are possibly related to 
the myocarditis to which 
reference w^as made on 
page 276. The erythe- 
mas may sometimes per- 
sist until the later stages 
of the disease. Attacks 
of diarrhoea or dysentery 
often continue, but the 
appetite remains un- 
changed until the final 
coma. Albuminuria asso- 
ciated with chronic neph- 
ritis may persist. The liver 
and spleen may remain 
enlarged until death or 
may return to their normal 
size. The lymphatic glands 
tend to become atrophied 
and sclerosed but some of 
typical character may be found. The general condition rapidly deterior- 
ates and the emaciation progresses until the patient is reduced to skin 
and bone. 

Although impotence develops early in men, menstruation, as a rule. Changes in 
persists unchanged for a long time in women. Aubert and others, 
however, have drawn attention to the frequency with which women functions 
suffering from sleeping sickness abort or give birth prematurely to dead 
children. 

Ocular troubles are not uncommon in trypanosomiasis; one or both Visual 
eyes may be involved. Cyclitis, interstitial keratitis, and iritis, which 
are fairly common in the earlier stages of the disease, are due to the 
localization of trypanosomes in the interstitial spaces of the parts 
involved; the conditions are as a rule benign and disappear rapidly. 

There may also be lesions in the depth of the eye involving the retina 



Fig. 21. — Late case of sleeping sickness with 
extreme emaciation and somnolence 
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Cha^zes in and the optic nerw. Two kinds of lesion may be exhibited by the optic 

retina and nerve' the disk may be oedematous as the result of meningeal invasion 

optic nerm ^ trypanosome or of hypertension of the cerebrospinal fluid; or 
there may be signs of optic atrophy with pallor and narrowing of the 
vessels of the disk. These changes may occur in the absence of any 
arsenical treatment, but optic atrophy with defective vision or even 
complete blindness is the chief danger resulting from the treatment of 
sleeping sickness by the aromatic compounds ol arsenic. 


6.-PROGNOSIS 

This varies according to the stage of the disease at which treatment is 
begun. If the diagnosis is made early the outlook with proper treatment 
is remarkably good in both gambiense and rhodesknse infections. Even 
well advanced cases of gambiense infection showing pronounced changes 
in the cerebrospinal fluid are often cured by adequate treatment. In 
advanced cases of rhodesknse infections the prognosis is not nearly so 
hopeful. 

Gambiense It has long been known that gambiense infections may display very 
infections varying degrees of virulence. Occasionally patients harbour the trypano- 
somes for prolonged periods without exhibiting any signs of the disease; 
in other cases, however, the disease sets in suddenly with violent 
symptoms and runs a rapidly fatal course. 

Rhodesknse As a general rule, the disease produced by T. rhodesknse is more 
infections violent and runs a more rapidly fatal course in untreated patients than 
does that produced by T. gambiense. It was formerly thought that these 
differences were sufficient to distinguish the two infections clinically, 
but it is now recognized that T. rhodesknse may produce a very chronic 
and insidious disease and that T. gambiense may produce a virulent and 
rapidly fatal disease. 


7.-DIAGNOSIS 

Isolation of The diagnosis of trypanosomiasis depends, in the early stages at least, 
trypanosomes .^pQJ^ discovery of the trypanosomes, and for this purpose the 
following procedures should be adopted. 

Trypanosomal (i) If the patient presents a lesion resembling a trypanosomal chancre, 
chancres jt should be punctured with a hypodermic syringe and the drop of 
fluid obtained examined microscopically, either in a cover-slip prepara- 
tion or as a stained smear. As trypanosomes are readily found in con- 
siderable numbers this is a valuable method of making a very early 
Blood diagnosis, (ii) Blood examination can be carried out on fresh cover-slip 
examination pj-eparations or on stained thin or thick films, (iii) If the patient exhibits 
pi^ure typical enlarged semi-fluctuating glands, one of the easiest methods ot 
discovering the trypanosomes is by their puncture. The minute drop of 
fluid removed by means of a hypodermic syringe is examined either 
as a fresh, cover-slip preparation or as a stained thick or thin film. 
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As the result of careful analysis of the figures obtained from the various 
methods of blood and gland juice examination among 6,273 patients 
with puncturable lymphatic glands, Raoult concluded that examination 
of thick blood films gives the highest proportion of positive results 
and examination of stained gland-juice films the next highest. If both 
these methods give negative results recourse should be had to the 
following method of triple centrifugation of large volumes of blood. 

(ivj About 5 c.c. of blood are withdrawn from a vein into 1 c.c. of a Triple 
1 per cent solution of sodium citrate and centrifugalized at low speed o%7ood‘^“°" 
until most of the erythrocytes are thrown down. The supernatant fluid 
is removed and again centrifugalized at low speed until the remaining 
erythrocytes and most of the leucocytes are deposited. The supernatant 
fluid is again removed and centrifugalized at high speed, the deposit 
being examined microscopically for trypanosomes, in fresh preparations 
or in stained films. 

(v) In old-standing cases of sleeping sickness, in which trypanosomes Lumbar 
are often difficult to discover in the blood and the lymphatic glands 
are sclerosed and atrophied, lumbar puncture is an invaluable aid to 
diagnosis. Although trypanosomes are by no means always found in 
the centrifugalized deposit of such cases, the typical morbid changes 
shown by the fluid are sufficient to warrant a diagnosis in a suspected 
case coming from an endemic region. 

8.-TREATMENT 

(1) — ^Prophylaxis 

This resolves itself into an attempt to protect human beings from being 
bitten by infective tsetse flies. Owing to the wide-spread distribution 
of these flies and to the fact that they bite by day, the problem is one 
of extreme difficulty. The only satisfactory manner of exterminating 
the tsetse in an area is by clearing the bush and undergrowth which 
harbour the fly. In G. palpalis country, where the fly is confined to the 
banks of streams and the shores of lakes, local clearings are made 
around the villages and at the sites of watering-places and fords. In 
morsitans country, where the fly is widely distributed independently of 
water, the problem is even greater; clearings are made around villages 
and on each side of the roads. During the last ten years more ambitious 
attempts have been made, particularly in Tanganyika, to exterminate 
tsetse from relatively large areas of country by systematic clearing 
combined with organized burning of grass. Probably the most hopeful 
line lies in the concentration of the population from scattered villages 
into relatively large communities, coupled with extensive clearings 
around these settlements and along the main routes. 

Another method by which the problem has been attacked is the Destruction 
destruction, so far as possible, of the reservoir of the virus from which 
the fly becomes infected. This method, which has been extensively used 
in the French and Belgian equatorial colonies, consisted briefly in the 
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treatment of the sick by itinerant missions. The underlying idea was 
not so much the cure of the patients as the temporary sterilization of 
their peripheral blood, thereby rendering them non-infective for the 
tsetse fly. Enormous numbers of infected cases have received these 
so-called prophylactic injections of atoxyl (sodium aminarsonate). Such 
a procedure, involving as it did the inadequate treatment of almost 
countless individuals with an arsenical, is now generally recognized to 
be undesirable as, apart altogether from its very doubtful value as a 
prophylactic, it is difficult to conceive of a scheme more calculated to 
produce arsenic-resistant strains of trypanosomes (see p. 284). Extensive 
treatment of the infected is undoubtedly a most important prophylactic 
measure, but treatment is now directed towards the cure of patients 
instead of the production of merely temporary peripheral sterilization. 
The significance of the wild fauna of tropical Africa as an important 
food supply of tsetse and as a reservoir of the pathogenic trypanosomes 
of man and stock is still so controversial as to be beyond the scope of 
this article. 

The only drug known to have any real prophylactic action is germanin 
which, in contrast to the aromatic arsenicals, is eliminated very slowly 
and circulates in the blood for prolonged periods. Duke performed a 
series of experiments on volunteers and reached the general conclusion 
that a dose of 2 grams of germanin given to an adult may be expected 
to confer protection against either T. gambiense or T, rhodesiense for at 
least three months. 

In 1937 Orlovitch described the result of a large-scale experiment to 
ascertain the prophylactic action of germanin. The experiment was 
performed in a district in the Belgian Congo where sleeping sickness 
was common and where new cases were constantly occurring. In 
January 1936 every individual in this district was given a dose of 
germanin (1 gram for an adult). Three months later the population was 
examined, with entirely negative results. The prophylactic dose of 
germanin was again administered, and after another three months the 
population was again examined with negative results, and a third dose 
of germanin given. The last examination, made three mouths after the 
third dose of the drug, failed to reveal a single case of infection. 

(2) — Curative 

{d) Chemotherapy 

The history of the treatment of sleeping sickness constitutes one of the 
most remarkable chapters of modern medicine. What was, before 1905, 
an almost invariably fatal disease can now, if recognized early, be cured 
with such a degree of certainty that various medical men have deliberately 
infected themselves and other volunteers with a view to clearing up 
obscure points in the epidemiology of the disease. 

Up to the beginning of the present century the only drug known to 
have any beneficial action in trypanosomiasis of man and stock was 
sodium arsenate. The benefits derived from injection of this substance 



S.KEY 1553] 


TREATMENT 


281 


were, however, transient; relapses followed quickly, and it was found 
impossible to increase the dose sufficiently to exert a definite effect on 
the infection without poisoning the host. The first great advance in 
the therapy of trypanosomiasis was the discovery in 1905 by Thomas, Atoxyl 
at the Liverpool School of Tropical Medicine, that it was possible to 
effect permanent cures of experimentally infected laboratory animals 
with atoxyl (sodium p-amino-phenylarsonate). This drug was immedi- 
ately tried with striking success on cases of human sleeping sickness, 
and for nearly twenty years it remained the chief weapon for treatment. 

This empirical discovery gave a great impetus to chemotherapy, and 
during the last thirty years a very large number of trypanocidal sub- 
stances have been produced. Almost all of these have been organic 
compounds of arsenic or antimony, but one of them, Bayer ‘205’ or 
germanin, is a complex urea-substitution compound and contains no Genmnin 
heavy metal. Of this long series of compounds four have stood the 
test of time, and it is on them that reliance is placed at present for the 
treatment of the disease. These are the aromatic pentavalent arsenical Aromatic 
compounds, atoxyl, orsanine, and tryparsamide; and the urea-substitu- 
tion compound germanin. 

Sodium aminarsonate (atoxyl, soamin, trypoxyl) is the monosodium Atoxyl 
salt of p-amino-phenylar sonic acid. This drug, which is now almost 
entirely superseded by the more active and less toxic orsanine, is given, 
in 10 per cent solution in sterile distilled water, either subcutaneously, 
intramuscularly, or intravenously. The dose is 10 to 15 mgm. per 
kilogram of body weight (0-5 to 0*75 gram for an adult), and the injec- 
tions are given once weekly for about six to twelve weeks. Although 
this method of treatment cured large numbers of early cases there were 
many relapses. Increasing the dose to 15 to 20 mgm. per kilogram of 
body weight gave a larger proportion of cures, but also a large propor- 
tion of serious disturbances of vision. Atoxyl proved to be of little use 
in cases in which examination of the cerebrospinal fluid revealed morbid 
changes. 

Orsanine (Fourneau ‘270’) is the monosodium salt of 4-acetylamino- Orsanine 
2-hydroxyphenylarsonic acid. It is given, in 20 per cent solution in 
sterile distilled water, either subcutaneously, intramuscularly, or intra- 
venously. The dose is 20 to 35 mgm. per kilogram of body weight (up 
to 2 grams for an adult), and the injections are given at weekly intervals 
for ten or twelve weeks. As already mentioned, orsanine has now 
largely replaced atoxyl because it produces more rapid peripheral 
sterilization, is followed by fewer relapses, and is less toxic. In the 
meningo-encephalitic stage of the disease it is of very limited value. 

Tryparsamide (tryponarsyl) is the monosodium salt of N-phenyl- Tryparsamide 
glycineamide-p-arsonic acid. It is very soluble and is given in 20 to 40 
per cent solution; it is administered intravenously, and solutions should 
be made in sterile distilled water immediately before use. It is usually 
given in doses of 20 to 40 mgm. per kilogram of body weight (1-5 to 
3 grams for an adult); the doses are given at weekly intervals until a 
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total of about 30 grams has been administered, after which the drug 
should be stopped for a period of a month or so. Chesterman used 
weekly doses as large as 4 grams in adults with changed cerebrospinal 
fluid, but such doses must be given with great caution owing to the 
danger of visual disturbance. The general consensus of opinion is in 
favour of smaller doses, especially at the beginning of treatment of 
very advanced cases. Although tryparsamide is less active as a trypano- 
cidal substance than orsanine, it has the great advantage of acting in 
the later stages of the disease when the meninges are involved. 

If lumbar puncture shows that the cerebrospinal fluid has not become 
normal the course of treatment must be repeated. The condition of the 
cerebrospinal fluid is the essential guide to treatment in the later stages 
of sleeping sickness, and it is not justifiable to conclude that a cure has 
been obtained until the cerebrospinal fluid has returned to normal and 
has remained so for at least six months. 

Germanin (Bayer '205’, moranyl, and antrypol) is a complex urea- 
substitution compound not containing any heavy metal, Germanin is 
a slowly acting, but exceedingly valuable, trypanocidal substance. The 
compound is usually given intravenously in 10 per cent solution in 
sterile distilled water. The customary dose is about 1 gram for an adult, 
but doses as large as 1*5 grams or even 2-0 grams have been employed. 
The doses are usually repeated at intervals of two or three days until a 
total of 10 grams has been administered. 

Gambiense and rhodesiense infections differ in their response to drugs. 
Generally speaking, gambiense infections are sensitive to the aromatic 
arsenicals and to germanin whereas rhodesiense infections, although 
sensitive to germanin, are relatively resistant to the aromatic arsenicals. 
Another point to be borne in mind is that the disease is much more 
easily cured in its early stages than later on when there are pronounced 
nervous lesions. In fact, before the advent of tryparsamide, the great 
majority of advanced cases ran their course to the inevitable termina- 
tion; in all cases exhibiting morbid changes in the cerebrospinal fluid 
tryparsamide should be used. 

Bearing these facts in mind it is possible to lay down the following 
rules for treatment. 

Gambiense infections: early cases with normal cerebrospinal fluid 
should be treated with orsanine or germanin; later cases with patho- 
logical cerebrospinal fluid should, after a few preliminary doses with 
orsanine or germanin to produce peripheral sterilization, be treated 
with tryparsamide. 

Rhodesiense infections: early cases should be treated with germanin. 
Owing to the relative resistance of these infections to arsenicals the 
treatment of later cases of rhodesiense infections, with pathological 
cerebrospinal fluid, is much less satisfactory than is the treatment of 
corresponding cases of gambiense infections. The best results are 
obtained from a combined treatment with germanin and tryparsamide. 
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{b) Toxic Effects of Arsenic and Germanin 
Both the pentavalent aromatic arsenicals (atoxyl, orsanine, and 
tryparsamide) and germanin may produce toxic signs and consequently 
must be used with care. Occasionally the aromatic arsenicals produce Arsenicals 
gastro-intestinal symptoms with vomiting and acute diarrhoea, but 
these are generally transient and cease when the drug is stopped. Other 
rare toxic effects are disturbances of hepatic function and dermatitis. 

The most serious accident resulting from the arsenicals is damage to Damage to 
the optic nerve. Disturbance of vision may develop gradually or 
suddenly, and it is always necessary to inquire carefully regarding the 
sight of the patient when administering a course of treatment with one 
of the arsenical compounds. The first signs of damage to the optic 
nerve are dimness in acuity and narrowing of the fields of vision; 
the patient may also complain of mists and sometimes of Bickerings. 

Scotoma, either central or peripheral, indicates a more advanced stage 
of damage. As a rule, if the condition is recognized early and the drug 
immediately stopped, the sight is restored, but the damage is sometimes 
progressive and continues until the sight is completely lost. In the 
early stages the ophthalmoscope may fail to reveal any change, and 
it is only after the sight is permanently damaged, or completely 
destroyed, that the appearances of optic atrophy are seen. The precise Factors^ 
cause of this catastrophe is still obscure, but there seems no doubt ^opuTatwphy 
that there are two factors at work, namely, the meningeal lesions pro- 
duced by the disease, and the drug. Patients with considerable meningeal 
involvement are more likely to develop disturbance of vision when 
treated by an arsenical than are early cases, and consequently the 
greatest care is necessary when treating advanced cases of the disease. 

There is some evidence that visual disturbances following the adminis- Treatment of 
tration of an aromatic arsenical may be benefited by a course of atrophy 
sodium thiosulphate: 10 c.c. of a 20 per cent solution given intravenously 
on alternate days. Remarkable success is claimed by Raingeard who 
treated in this way a series of twenty-six patients with recent or old- 
standing ocular troubles, twelve being blind, after the administration 
of atoxyl or tryparsamide. 

The most common and serious toxic effect of germanin is damage to Germanin 
the renal epithelium. A considerable proportion of patients treated with 
this drug develop albuminuria after the administration of a number of damage 
doses. As a rule it is transient and is not accompanied by any con- 
comitant symptoms; sometimes, however, the condition is more severe 
and on centrifugalizing the urine there may be a deposit containing 
red cells and granular casts. Cessation of treatment generally causes 
these signs to disappear or diminish, but they may reappear when the 
treatment is renewed. Occasionally, very severe renal damage occurs Dermatitis 
with uraemia, anuria, and death. A very much rarer toxic effect of 
germanin is dermatitis. 
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(c) Drug-Resistance 

If a laboratory animal infected with trypanosomes is given a sub- 
curative dose of atoxyl the trypanosomes disappear from its blood for 
a time, but a relapse occurs; if another similar dose of the drug is then 
given the trypanosomes again disappear, but return after a shorter 
interval. If the process is continued a state is eventually reached when 
even the largest dose of the drug which the host will tolerate fails to 
exert any influence on the infection, because the trypanosomes have 
become atoxyl-resistant. 

The phenomenon of drug-resistance has been the subject of much 
work since 1929 (Yorke eC aL^ 1929-38). It is now known that a strain 
of trypanosomes which has become resistant to any one of the aromatic 
compounds of arsenic is also resistant to all the other commonly 
employed aromatic compounds of arsenic or antimony, but not to 
germanin. Resistance to the aromatic compounds of arsenic is readily 
acquired, whereas resistance to germanin develops very slowly. When 
once a strain of trypanosomes has been made resistant to atoxyl, 
orsanine, or txyparsamide, it retains its resistance indefinitely, and 
there is no known way of destroying the resistance; the resistance is 
not lost by changing the species of host, or after repeated cyclical 
transmission through Glossina. 

To what extent arsenic-resistance results from treatment of human 
trypanosomiasis is at present unknown, but there seems no reason to 
doubt that inadequate treatment of infected human beings by one of 
the aromatic arsenicals may well result in the production of an arsenic- 
resistant strain of trypanosomes. As resistant strains pass unchanged 
through their cyclical evolutions in the tsetse, the possibility of the 
dissemination in man of infections which cannot be cured by arsenicals 
must be borne in mind. Recently a considerable number of strains 
of T. gambiense obtained from man from different endemic areas in 
Africa have been examined, and certain of them have been found to 
exhibit considerable degrees of resistance to tryparsamide. 

It must not, however, be assumed that every case which fails to be 
cured by an adequate course of an arsenical is infected with a resistant 
strain of parasites. The explanation of the failure to cure certain of 
these cases appears to be the extensive and deep-seated nature of the 
infection. Much further work is required on this very important subject. 
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1-AETIOLOGY AND BACTERIOLOGY 

(1) — ^The Tubercle Bacillus 

1554.] This bacterium belongs to the acid-fast group, Mycobacterium, 
which retain carbol fuchsin stain after treatment with acids (Ziehh 
Neelsen method). It grows slowly at body temperature on complex 
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media, usually containing egg yolk, but it does not multiply at room 
temperature though it can survive in dried sputum and on soU and 
grass for months. It is destroyed by pasteurization (low temperature 
holding process at 65' C. for thirty minutes). 

Three strains infect man, namely, avian, bovine, and human. The avian Strains 
strain is found in the domestic fowl and readily infects pigs but is very Avian 
rare in man. The bovine strain occurs chiefly in dairy cattle, is not Bovine 
uncommon in pigs, is rare in sheep and goats, and readily infects man. 

The human strain occurs only in man. In countries where raw milk is Human 
not drunk bovine infection is rare and in tropical countries it is very 
rare. Native cattle are not immune but are seldom affected unless 
European stock is introduced. 

Statistics collected from the world’s literature by Gervois show that Incidence of 
the bovine strain has been found in man in the following percentages 
of the total tuberculosis investigated in different countries: Hungar>^ 

1*7, Canada 2-0, Japan 2-9, Argentine 3*2, Italy 3-5, Poland 5*6, Nor- 
way 6*5, France 6*8, Switzerland 7-7, Holland 8*9, England 10*4, 

Germany 10*8, United States 11*7, Australia 12*1, Denmark 13*9, and 
Scotland 20*7. The English figures, analysed by Griffith, show that the 
bovine strain was found in 50 per cent of cervical gland tuberculosis, 

48*7 per cent of lupus, 24*6 per cent of meningeal cases, and 19*5 per 
cent of bone and joint cases. In Scotland these figures are all slightly 
higher. In pulmonary tuberculosis, bovine strains have been found in 
England to be from 0*52 to 1*6 per cent and in Scotland 4*6 to 8*5 per 
cent. The percentage of milk samples containing tubercle bacilli varies Incidence of 
in different countries. In England it is 7*9, in Europe generally 8*7, 
and in the United States 8*5 (Gervois). For abattoir statistics the reader 
is referred to Savage. 

By frequent subculture strains of permanently low virulence have 
been obtained. The best known is the bovine strain Bacille Calmette- Bacille 
Guerin (B.C.G.) used as a prophylactic vaccine of living organisms 
(see p. 295). 

A filter-passing virus produced by the tubercle bacillus has been Filter-passing 
described, but the proof of its existence rests on dubious evidence. 

(2) — Channels of Infection 

Of the four possible channels, namely, respiratory tract (including 
conjunctiva and accessory sinuses), digestive tract, skin, and genito- 
urinary tract, the first two only are important. Genito-urinary tuber- 
culosis is practically always blood-borne, and cutaneous infection, e.g. 
anatomist’s wart, is rare; the portal of entry in lupus is still obscure. 

Bacilli reach the respiratory tract by inhalation of dried infected dust Respiratory 
and droplets of saliva and sputum expelled by coughing. They enter alimentary 
the digestive tract by uncooked infected food, chiefly raw milk, and tract 
the use of infected articles such as crockery and table utensils. Fewer 
bacilli are required to infect the respiratory than the digestive tract. 

The primary focus is most commonly in the respiratory tract and 



288 


TUBERCULOSIS 


[VOL. XII 


Primary 

focus 

Endogenous 

and 

exogenous 

reinfection 


Incidence of 
infection 


Influence of 
exposure 


Influence of 
locality 


Influence of 
milk. 


Age 


Relative 
incidence in 
age groups 


usually occurs in childhood, but those who escape infection in childhood 
may develop a primary infection later, usually in early adult life 
(Wallgren). Adults who were infected in childhood and were thought 
to have recovered may break down again from a partially healed 
smouldering focus (endogenous reinfection) or from a superinfection 
from without owing to low resistance (exogenous reinfection); but these 
terms are not very satisfactory because usually it is impossible to 
determine clinically precisely what has happened. 


Z.-EPIDEMIOLOGY 

The large majority of the inhabitants of civilized countries have been 
infected with the tubercle bacillus by the time they reach adult years. 
A recent survey of a large group of London children (Dow and Lloyd) 
showed that the Mantoux test is positive at 0 to 5 years in 23 per cent, 
at 5 to 10 years in 39 per cent, and at 10 to 15 years in 58-3 per cent. 
The degree of exposure affects the incidence of infection and it was 
found that in the group 0 to 5 years contacts of open cases of pulmonary 
tuberculosis were infected five times as often as those not so exposed. 
The incidence of infection in adults varies greatly in different parts of 
the world; in isolated rural districts less than half the population may 
be infected whereas in large towns the prevalence of infection was, 
until recently, almost universal. The rapid decline in the number of 
open cases of tuberculosis and the decrease in the amount of unpasteur- 
ized milk now consumed have reduced the sources of infection, with 
the result that even in large cities an increasing proportion of young 
adults are free from any evidence of infection. Although an essential 
preliminary, the incidence of tuberculous infection has very little con- 
nexion with that of tuberculous disease. 

Age has great influence not only on the mortality but on the type of 
disease most prevalent. Very high death-rates were formerly met with 
in young children but these have fallen considerably. In New York 
City the mortality rate from tuberculosis for infants under one year 
fell from more than 500 per 100,000 in 1900 to 50 in 1932 (Drolet). The 
lowest death-rates of all are found in children from 10 to 15 years 
of age although this is an age at which there is a rapidly increasing 
amount of tuberculous infection. 

In children, deaths from non-pulmonary forms of tuberculosis greatly 
outnumber those from pulmonary tuberculosis, meningitis being par- 
ticularly common in young children within a few months of exposure 
to massive infection. Pulmonary tuberculosis continues to be the most 
important cause of death between the ages of twenty and forty; three 
main types of the disease have been recognized: (i) the young adult 
type, which is less common where there is much childhood tuberculosis 
and infected milk; this is a relatively acute form prevalent mainly in 
women and especially in rural districts; (ii) a middle-age type, which 
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is closely correlated with the general death-rate and therefore dependent 

on hygiene (Brownlee); and (iii) an old-age type. 

Social conditions play a very important part in the incidence of Social^ 

. , . , 1 . , . , ■ ^ conditions 

pulmonary tuberculosis, the disease being much commoner in over- 

crowded areas. Nutrition is even more important, as has been shown 

by the fact that the disease has been seen to increase when a slum 

clearance scheme resulted in higher rents and therefore less money for 

food. Much may also be learned from the study of mortality according 

to occupation, that of unskilled labourers being eight times as high as 

in professions giving a higher standard of life, e.g. clergy, doctors, and 

lawyers. The Great War also illustrated the influence of privation on 

tuberculosis; most countries showed a check in the previously rapid 

fall in the mortality rate, and those in which food shortage was severe, 

notably Germany, Austria, and Hungary, showed a considerable 

increase in the number of deaths from tuberculosis both during and 

shortly after the War. 

In a non-industrial nation in which pulmonary tuberculosis has been Industrial 
long established and endemic, the maximal incidence is late in life, tuberculosis 
As such a nation becomes industriahzed this maximal incidence moves 
to early adult life. Males are more affected than females. When the 
community settles down to the new conditions, the incidence recedes 
again to the later years. Industrial areas may then, owing to better 
organized social hygiene, enjoy a lower death-rate than rural. In 
England, three groups of industries show a high tuberculosis death-rate 
(Collis): (i) boot operatives, printers (Hill), and tailors, probably as the 
result of recruiting from less robust types; (ii) commercial travellers, 
and innkeepers and their servants, as the result of chronic alcoholism; 
and (iii) workers exposed to dusts containing free silica, SiOa, or certain 
silicates such as asbestos (see Vol. II, p. 138). The incidence in coal 
miners is only high when there is exposure to silica (see also Silicosis, 

Vol. XI, p. 138). 

The well known fact that often several members of one family die Heredity 
from pulmonary tuberculosis has led to the belief that it is a hereditary 
disease, the tuberculous diathesis being often mentioned in the literature 
of a generation or two ago. Although the present tendency is to regard 
infection from open cases in the family as more important than Diathesis 
hereditary disposition, some support to the diathesis hypothesis has Itypothesis 
been given by the work of Kretschmer who found that short thickset 
individuals, his pyknic type, were less likely to contract tuberculosis 
and more likely to recover from it than his other two types, the 
athletic and asthenic. (See also Heredity and Constitution, Vol. VI, 
p. 467.) 

Kretschmer’s physical types were found to show well marked differ- Mental 
ences in character, a thickset body tending to go with an extrovert fitt^tors 
type of mind. The athletics and asthenics were more likely to suffer 
from schizophrenia and it has been observed independently that 
sufferers from this form of psychosis often die of tuberculosis. The 
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large number of men and women of genius who have died from tuber- 
culosis has given rise to the opinion that the toxins of the disease imy 
stimulate creative effort. It seems more likely that the mind of the 
genius exhausts his body and reduces its resistance to tuberculosis as, 
in the majority of cases, there was evidence of genius before symptoms 
of tuberculosis became apparent. 

Climatic influences are difficult to disentangle from those of race and 
hygiene, but there is reason to believe that tuberculosis occurs more 
readily in moist warm climates than in cold dry ones. This is clearly 
shown in India where desert regions show a low mortality from pul- 
monary tuberculosis and a high one for pneumonia, the reverse being 
the case in the humid coastal area near Madras (Rogers). Tuberculosis 
is also rarer in high Alpine villages than in low-lying valleys, and in 
England more common where there is exposure to the rain-bearing 
south-west wind than in places with better shelter or a different aspect. 
Damp impervious soil may also play a part, but the evidence for this 
is inconclusive. 

Since the discovery of the tubercle bacillus, the importance of contact 
infection, particularly in childhood, has largely displaced the former 
hypothesis of hereditary diathesis. In more than 80 per cent of infants 
dying from tuberculous meningitis the source of infection can be 
traced to an open case of pulmonary tuberculosis in the family, and in 
many families in which there are several cases of pulmonary tuberculosis 
in brothers and sisters there is evidence of massive childhood infection 
(Opie and MePhedran). The study of latent apical tuberculosis has 
shown that radiological signs of tuberculosis are much commoner in 
those exposed to infection than in the general population and that an 
appreciable proportion of those cases proceed to the stage of active 
pulmonary tuberculosis (Opie and MePhedran). Prolonged exposure 
to infection is usually required, the average period before tuberculous 
glands at the roots of the lungs become evident being four and a half 
years, and the average time preceding latent apical tuberculosis nearly 
nine years. Although children, and particularly infants, are in great 
danger of acquiring an acute form of the disease, morbidity by no 
means always follows infection and approximately one-sixth only of 
the children becoming tuberculin-positive during the first year of life 
die from the disease. Although the incidence of pulmonary tuberculosis 
is much higher in some families than in others it has been found that 
in tuberculous families, particularly when the mother is affected, the 
prognosis of the survivors is better than when there is no family history 
(Ford). 

There is considerable difference of opinion as to the risks run by the 
unaffected husband or wife of an open case. Fishberg, in a large series 
of cases, found no evidence of any increase in morbidity above the 
average. Most other authorities find a definite increase and Opie and 
MePhedran in their study of latent apical tuberculosis found as high 
a proportion as ten out of twenty-one showing evidence of pulmonary 



S.KEY 1554] EPIDEMIOLOGY 291 

infiltration. Although there can be little doubt that conjugal infection 
does occur it does not appear to be very common. 

An investigation of the problem of the contagion of pulmonar>^ Doctors, 
tuberculosis to doctors, nurses, and domestic staff at the Brompton ar^^nunes 
Hospital for Consumption and Diseases of the Chest between the 
years 1846 and 1882 showed no evidence of increased morbidity 
(Williams); this is all the more surprising in view of the fact that 
neither ventilation nor disinfection of sputum had any part in the 
treatment of the disease at that time. Even at the present day the 
medical profession has a particularly low mortality from tuberculosis, 
but there is increasing evidence that infection of nurses and medical 
students occurs. Much light has been thrown on this apparent dis- 
crepancy by Heimbeck of Oslo, who found that out of 625 nurses 
Pirquet-positive on arrival there was no death from tuberculosis and 
only 27 presented any signs of morbidity. In contrast to this group, 
in 280 nurses Pirquet-negative on arrival there were 10 deaths from 
tuberculosis and 96 showed signs of activity. The comparative morbidity 
rates have been worked out as follows: 

Pirquet + on arrival at hospital 8-5 per 1,000 observation years 

Pirquet- „ „ 152-9 

From these figures it may be concluded that, whereas there is grave 
danger of previously uninfected nurses contracting tuberculosis in 
hospital, the evidence provided by this investigation does not suggest 
that nurses who have already overcome the usual childhood infection 
are any more likely to contract the disease than members of the general 
population. 

The study of the mortality rates for all forms of tuberculosis in England The epidemic 
and Wales shows an almost continuous decline from over 350 per 
100,000 in 1861, when accurate records began, to 69 per 100,000 in 
1936. It is probable that this mortahty rate reached its peak somewhere 
about the middle of the 19th century. Annual returns show that in 
Ireland the mortality rate, after being considerably lower than the rest 
of the British Isles during the greater part of the 19th century, reached 
its peak in 1900 since when it has been falling rapidly. In certain 
countries, e.g. Porto Rico, the wave of tuberculosis is still rising. In 
Sweden, Neander has shown that in the early years of the 19th century 
deaths from tuberculosis were most common in the districts near 
Stockholm and least in Norbotten in the rural north. A century later 
the position was reversed, Norbotten having far the highest rates in 
the whole country. The most probable explanation of the change which 
has taken place in this province is that until the recent improvement in 
communication there was so little intercourse between the scattered 
villages and farms that there was very little contact with the tubercle 
bacillus. It is significant that bovine tuberculosis was also practically 
unknown in Norbotten even at a time when pulmonary tuberculosis 
was causing a high mortality. 
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3 “IMMUNITY AND ALLERGY 

Cummins classified mankind into three immunological groups: (i) 
primitive tribes with no experience of the disease exhibiting an un- 
modified or ‘natural’ tuberculosis (e.g. Senegalese troops in the World 
War); (ii) European races well salted by centuries of exposure showing 
‘modified’ types of disease; and (iii) stocks with an intermediate 
immunological experience having a ‘larval’ form (e.g. native workers 
in South African mines). The disease is acute and rapidly fatal in the 
first group, chronic and liable to heal in the second, and less chronic 
and generally progressive in the third. 

Resistance also varies in members of the same racial stock; this 
immunity is individual, acquired, and non-transmissible. Examples of 
a favourable soil for the bacillus are seen in altered metabolism, e.g. 
diabetes mellitus, and of an unfavourable in hyperaemia and congestion, 
e.g. valvular disease of the heart. The chief factors in resistance are 
anatomical protection of a portal of entry, e.g. turbinates; cellular, 
e.g. phagocytosis; and humoral, e.g. various antibodies. Possibly 
endocrine secretions and enzymes also assist. Little is known of the 
size of the infecting dose of bacilli; it is assumed that small doses tend 
to protect, large doses to produce disease. Considering the problem 
as a whole the invasion of a community by tuberculosis appears to be 
followed by a very high death-rate, particularly among young adults, 
and acute and generalized forms are frequent. Adults who have over- 
come a primary childhood infection will still be susceptible. The 
development of resistance takes several generations, during which 
almost the whole population is infected with the tubercle bacillus, the 
more acute type in young adults giving place in frequency to the 
pulmonary tuberculosis of middle age. With the fall in the number 
of open cases infection of the population becomes less universal, 
and those not infected in childhood run an increased chance of con- 
tracting pulmonary tuberculosis if exposed to massive doses in early 
adult life. 

Allergy is a state of partial immunity, a changed reactivity to the 
tubercle bacillus and its toxins as a result of previous infection with 
the organism. This changed reactivity is generally a hypersensitivity. 
In the experimental animal a difference can be recognized between 
the effects of primary and of subsequent infections. Cummins (1934) 
recognized three stages: (i) indifference, immediately following infec- 
tion; (ii) intolerance, brought about by escape of toxins from a primary 
focus into surrounding tissue; and (iii) tolerance, in the late stages. 
Rich considered that allergy was neither synonymous with nor essential 
to immunity. In the fortuitous infection of man these distinctions are 
not so clear-cut and allergy is used loosely for any form of toxaemia 
occurring after the time of primary infection. Desensitization is the 
diminution of hypersensitivity by clinical means such as the injection 
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of protein (e.g. tuberculin shock). It is usually temporary in effect and 
does not necessarily prevent the disease from progressing. 


4.-MORBID ANATOMY 

The cardinal signs of the tuberculous lesion are (i) exudation of serous Carduml 
fluid, usually into synovial and serous spaces; (ii) infiltration of tissues 
with discrete tubercles; (iii) coalescence of these into caseous masses; 

(iv) liquefaction of caseous areas (cold abscess); (v) fibrosis; and (vi) 
calcification. 

The first lesion produced by the bacillus after passing the portal of Ghon focus 
entry is referred to as the primary focus (Ghon focus, primdr Komplex). 

It is generally found in the lung or a mesenteric gland but may occur 
anywhere. Usually it is a small nodule about the size of a pea which 
heals by fibrosis and calcification but may grow and form satellite 
lesions by lymphatic spread. From any of these lesions further extension Extension 
may follow: (i) along an open channel, e.g. bronchogenic spread; (ii) f^om primary 
by occasional small emboli to distant organs, e.g. kidneys, bones, and ^ 
joints; or (iii) by generalized haemic infection, e.g. tuberculous bacil- 
laemia. The last two methods are characteristic of the acute lesions of 
childhood. The lesion of progression is caseation, the lesion of retro- 
gression is fibrosis. The disease may progress in one lesion while 
retrogressing in another. Secondary infection with pyogenic organisms 
resulting in true suppuration may supervene at any stage and is fre- 
quently followed by amyloid degeneration. The survival time of the 
bacilli in obsolescent lesions is not known but is probably years. 

The picture presented at necropsy is composite with almost any Necropsy 
combination of the above lesions. Statistics of prevalence of tuberculosis 
in necropsies at all ages are mostly old and unreliable. At Edinburgh 
Royal Infirmary (1926-7) Todd found tuberculosis in 69 per cent of 
the necropsies including 9 per cent with active lesions (excluding 
deaths from tuberculosis). 

The cellular response to the tubercle bacillus is two-fold — phagocytic Histology 
and connective-tissue producing. The unit of the tuberculous lesion The tubercle 
is a nodular collection of macrophages known as epithelioid cells 
with an outer rim of collagenous fibrils. In this minimal lesion may also 
be found a giant cell near the centre, a few tubercle bacilli, and a zone 
of small round cells outside the collagenous fibrils. This unit takes about 
ten days to develop. It may then gradually heal by the collagenous 
fibrils replacing the phagocytes until it becomes a fibrotic nodule or 
it may enlarge until it is visible to the naked eye as a miliary tubercle. 

In the process of growth, surrounding capillaries are compressed and 
obliterated, so that penetration by tissue fluids is difficult: this is 
important in assessing the value of chemotherapy. Caseation, a form 
of cell necrosis resulting in an accumulation of coagulated proteins and 
fats, follows. Liquefaction is due to the action of an autol 3 d:ic ferment 
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present in the caseation. All caseation, however, docs not liquefy. 
Instead it may be gradually replaced by the deposition of calcium salts 
and growth of the outer connective-tissue layer. Tuberculous lesions 
are essentially the same in histological structure wherever they are 
formed, but modifications may occur as an adaptation to local circum- 
stances, as in the eye and skin. 


5.-PROGNOSIS 
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counts 


Dijferential 

count 


Leucocyte counts and the sedimentation rate are employed to estimate 
activity but are valueless for diagnosis. The following are the usual 
methods: (i) correlation of the ratio of polymorphonuclears to lympho- 
cytes, and lymphocytes to monocytes in the differential white count. 
In the assessment of these t'svo ratios an increase in the monocytes is 
regarded as indicating tubercle formation, the polymorphonuclears 
activity (i.e. caseation and liquefaction), and the lymphocytes quies- 
cence; basophils are neglected and eosinophils added to the lympho- 
cytes as a good prognostic sign; this poly-lymph-mono ratio, or 
P.L.M. ratio, is expressed as P + M - 2L; (ii) estimation of the number 
Arneth index of lobes in the nuclei of the polymorphonuclear cells on the assump- 
tion that an increase of cells with only one or two lobes, "left shift’, 
indicates cell destruction and repair and therefore activity; von 
Bonsdorff’s method of estimation, now generally used, consists in the 
enumeration of the total number of lobes in the nuclei of 100 con- 
secutive polymorphonuclear cells, the normal being regarded as 275 
and lower numbers suggesting activity (see also Vol. II, p. 479); (iii) 
Sedimentation the sedimentation rate, the technique and interpretation of which are 
described in Vol. II, p, 491. 

Houghton has combined the results of the three tests described above 
in a formula known as the haemograni. The sedimentation rate and 
P.L.M. ratio are added together as evidence against the patient and 
this total is deducted from the von Bonsdorff figure as evidence in 
favour of the patient: V.B. - [S.R. + (P +• M -2L)] = Index. This index 
varies from a maximum of 300 in the best cases to approximately zero 
in the worst. Any figure above 260 may be regarded as satisfactory. 
Patients with an index below 200 are .regarded as bad risks from the 
point of view of operation, e.g, thoracoplasty. 


rate 


Haernogram 


6-DIAGNOSIS 

Detection of By means of the Ziehl-Neelsen stain tubercle bacilli may be found in 
bacilli sections of tissue, direct films, or deposits from centrifugalized or 
sedimented fluids; and in material, such as sputum, faeces, or blood, 
which has been broken down by digesting flluids so that the bacilli are 
concentrated into a small bulk. In cases in which sputum is not present 
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milk, it should not be difficult to eradicate this disease either by 
pasteurization or by the use of milk from tuberculin-tested herds. For 
the grading of milk as specified in the Milk (Special Designations) 
Order, 1936, see Vol. Vll, p. 155. The adult with chronic pulmonary 
tuberculosis is the main source from which the human bacillus is 
spread. The use of the sputum flask or of paper handkerchiefs which 
are promptly burned and the holding of a handkerchief in front of the 
mouth during coughing or sneezing are the most important hygienic 
measures directed towards the prevention of spread. In spite of these 
precautions children are usually infected when there is an open case 
in the house, especially where cubic capacity and ventilation are inade- 
quate, Sanatorium treatment, in which is included the closure of 
cavities by collapse therapy in suitable cases, helps considerably in 
limiting the spread of infection but it is not possible to keep a large 
proportion of cases in institutions until the sputum is negative. Some 
local authorities have schemes for boarding out the children when an 
open case returns home. 

The maintenance of the general health is of particular importance in 
family contacts and in those heavily exposed to infection in the course 
of their work, e.g. sanatorium nurses. The provision by local authorities 
of extra nourishment to tuberculous patients and their families is an 
attempt to break the vicious circle by which the presence of pulmonary 
tuberculosis in the bread-winner so often reduces the money available 
for food just at a time when the children need to be in a particularly 
good state of resistance to infection. In spite of these measures poverty 
and consequent malnutrition remain potent factors in favouring the 
spread of tuberculosis. 

Unsuspected cases are a great source of danger to others and it is 
regrettable that a considerable proportion of cases when first diagnosed 
have obviously been suffering from the disease for a long time. D’Arcy 
Hart has called attention to the fact that radiological signs are present 
before symptoms have appeared and that it is therefore useless to 
expect to make an early diagnosis if it is left to the patient to request 
an examination when he feels ill. Serial X-ray examinations of the whole 
population are obviously impracticable, at any rate at present, but 
there is much in favour of periodic radiological examinations of 
selected groups of individuals more likely than the average to contract 
tuberculosis. Such groups would include contacts of open cases, young 
nurses, medical students, and diabetics. 
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1 -DEFINITION AND NOMENCLATURE 

1555.] The term generalized tuberculosis implies the coexistence of 
tuberculous lesions widely disseminated throughout many organs in 
the body. Such a condition is common in some animals as a manifesta- 
tion of experimental tuberculosis and also occurs in the natural disease 
in certain species, for instance the pig and horse (Cobbett). In man it 
is much commoner to iind tuberculous lesions in many organs at 
necropsy than to be able to demonstrate or infer their existence during 
life. Generalization of the disease in such cases often has no clinical 
importance. Krause regarded it as not uncommonly benign, though 
often it is significant of an acute and terminal dissemination of the 
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organisms. In contrast to these cases, however, there are others in 
which it is obvious that wide-spread lesions contribute to the mani- 
festations of the disease: to these examples the term generalized tuber- 
culosis applies in a clinical sense. The most important manifestations 
are seen during childhood when death from tuberculosis is almost 
always due to generalization of the disease. 

There is still great confusion in the literature of generalized tuber- Nomenclature 
culosis upon the question of terminology. The terms ‘generalized’ or 
‘disseminated’ are in commoner use now than formerly, but forms 
that properly should be classified in this way are sometimes described 
as ‘haematogenous’ or ‘miliary’, as though all these terms were 
synonymous. The term ‘haematogenous’ has the disadvantage that it 
implies a knowledge of the precise mode of origin of the lesions, a 
knowledge which often has to be assumed during life and cannot 
always be established at necropsy. It is incorrect also to regard all 
examples of generalized disease as haematogenous; some of them owe 
their origin to spread by lymphatics and may remain throughout 
confined to the lymphatic system. Similarly, miliary tuberculosis is not 
synonymous with generalized tuberculosis, for there are massive as well 
as miliary forms of the latter. Moreover, miliary tuberculosis, particu- 
larly the chronic forms, is not always a generalized disease. 


2 -TIME AND METHOD OF GENERALIZATION 

Ranke distinguished three successive stages in the course of human Generaliza- 
tuberculosis. Primary infection initiates a phase in which the disease is 
confined to lymphatics; subsequent activity is marked by a striking stages of 
tendency to distribution by the blood-stream; finally, if there is survival, '^^berculosis 
a later phase ensues in which focal extension of one or more of the 
resulting lesions dominates the course. Generalization of the disease 
may occur at any time in this cycle but is commonest during the 
secondary stage. This form is sometimes described as ‘early’ generaliza- 
tion and includes generalized tuberculosis with a distribution confined 
exclusively to the lymphatic system and also those forms with a haemic 
distribution occurring especially in early infancy and childhood. 
Generalized tuberculosis of the latter type, however, also occurs as an 
occasional complication of the tertiary stage, through the accidental 
involvement of the blood-stream by a focal lesion invading an artery 
or vein — the ‘late’ form of generalization. Generalized miliary tuber- 
culosis complicating chronic pulmonary tuberculosis is an instance. 

The exact character no less than the actual occurrence of a generalized Factors 
tuberculosis depends upon many factors other than the mode of 
dissemination of the organisms. Some organs, for example the stomach 
and pancreas, appear to be relatively immune to the proliferation of 
the tubercle bacillus and commonly escape any material involvement. 

The number of organisms disseminated either by lymphatics or by the 
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blood-stream has an obvious bearing upon the outcome; if this is not 
overwhelming in the first instance, the frequency of repetition also 
becomes an important factor. There is much evidence now to show 
that recurrent dissemination of organisms occurs by way of the blood- 
stream, and Schurmann used the term ‘protracted progressive dis- 
semination’ when describing its effects in the tuberculous. 

In children Blacklock: found that generalized miliary tuberculosis is 
commonest in the first five years of life after a primary thoracic 
tuberculosis due to human tubercle bacilli. Three examples of primary 
thoracic lesions due to bovine bacilli were all associated with generalized 
miliary tuberculosis. After primary abdominal tuberculosis, whether 
due to infection with human or bovine strains, generalization is com- 
moner in infants up to two years than in older children. Wide-spread 
dissemination of the disease was found to be commoner after primary 
abdominal lesions due to human strains than with those due to bovine 
strains, though the latter led more often to peritonitis and extensive 
involvement of lymphatic glands. Blacklock showed that generalization 
is commoner after infection with human than with bovine strains of 
organism, the human type of infection apparently being more virulent 
in the child so far as generalization of the disease is concerned. This 
tendency to generalization is most marked in primary thoracic lesions 
due to the human type of bacillus and is least marked in primary 
abdominal lesions due to the bovine type of bacillus. 


3 -MILIARY AND MASSIVE TYPES 

Two forms of generalized tuberculosis can be distinguished: (i) in 
which the individual lesions are composed essentially of elementary 
tubercles scattered widely and often symmetrically throughout many 
organs — generalized miliary tuberculosis; and (ii) in which the individual 
lesions are formed by the massive conglomeration and localized exten- 
sion of a limited number of tubercles occurring in several or even many 
organs; this may be designated generalized massive tuberculosis. Both 
miliary and massive types occur as acute and as chronic conditions. 
Moreover, each form apparently may arise by lymphatic or haemic 
spread. 

Acute generalized miliary tuberculosis is by far the commonest form 
of the generalized disease, and occurs most often in young infants or 
children within a short time of a severe primary infection. At a later 
age it occasionally complicates any active focal tuberculosis. An older 
caseous focus is always present and there are many studies, dating 
from that of Weigert ( 1882 ), in which the point of invasion of the 
blood-stream has been accurately traced from a caseating focus, often 
in a lymphatic gland or the thoracic duct (Longcope). Generalized 
tuberculosis with massive lesions is rare except in infants and as an 
expression of the disease in negroes and other primitive races. 
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4.-MORBID ANATOMY 

Miliary type 

Miliary tubercles appear as innumerable grey semi-translucent or Miliary 
yellowish opaque foci scattered uniformly throughout many organs, 
particularly the lungs, meninges, spleen, kidneys, liver, bone marrow, 
and the serous membranes. Microscopically they show a typical 
structure composed of giant cells, epithelioid cells, lymphocytes, and 
as a rule tubercle bacilli. Inflammatory effusions may occur in any 
serous sacs involved and are generally not purulent though they 
contain an excess of leucocytes with a predominance of lymphocytes. 

Although miliary tuberculosis is usually rapidly fatal it may run a Chronic and 
chronic course, or even heal. Often the miliary lesions are then confined lesions 
to the lungs, though in some instances other organs are affected. In 
these chronic cases the miliary foci are firm, fibrous, or even calcified, 
project from the cut surface of organs, and are opaque and grey or 
dull white in colour. Sometimes, by fusion, they become individually 
bigger than usual, the 'grossknotige Miliartuberkulose' of German 
writers. Alveolar emphysema around the lesions is common and may 
become extreme, leading to the formation of numerous small superficial 
bullae (Pagel). 

There do not seem to be any recorded examples of acute generalized Miliary 
miliary tuberculosis of entirely lymphatic distribution (though see Ifg^tricted to 
Braunschweig, 1918). But a very rare form of chronic miUary tuber- lymphatic 
culosis of this type has been described in detail by Burnand, Schurmann, 

Pagel, and Hoyle and Vaizey. In this form the miliary lesions are 
confined to lymphatic channels and lymphatic glands, producing 
a wide-spread network of fine fibrous tissue in addition to fibrous 
miliary nodules (‘hyperplastic lymphangitis’ or ‘lymphangitis reticularis 
chronica’). Within the thorax the lesions involve the lymphatic glands 
in the mediastinum and extend into the lungs along the lymphatic 
channels in the sheath of connective tissue common to the bronchi, 
bronchioles, and their related pulmonary arteries, reaching the finest 
ramifications in the walls of the alveolar passages and infundibula. 

This type of miliary granulomatous tuberculosis can only be separated 
with certainty from the haematogenous type by microscopical examina- 
tion, which shows its characteristic distribution. 

Massive type 

Generalized tuberculosis with massive lesions affects more particularly 
the lymphatic system, serous sacs, and spleen. In its extreme forms it is 
a definite morbid entity, consisting of a general adenitis with or without 
a multiple serositis, and also scattered lesions varying from submiliary 
tubercles to massive caseous areas in the lungs, spleen, and other 
viscera. The involvement of serous membranes leads to inflammatory Involvement 
effusions or extensive adhesions in both pleural cavities, pericardium, 
or peritoneum, sometimes concurrently as one form of polyserositis. 
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The spleen is commonly enlarged and may be huge. As the glandular 
involvement includes tracheobronchial and abdominal lymphatic glands 
as well as superficial groups, various secondary effects may occur from 
mechanical pressure or caseous invasion of adjacent structures. There 
may thus appear such diverse sequelae as bronchial obstruction with 
pulmonary collapse, chylothorax, intestinal obstruction, or elephantiasis 
of the leg. Ulceration of caseous mediastinal glands into a bronchus 
may produce in turn a caseous tuberculous pneumonia. Among the 
more chronic examples tuberculous iritis is common. The lesions may 
remain firm caseous foci 'which in time become obsolete and calcified, 
enclosed in a tough fibrous capsule. More often they extend and soften 
and may then, by haemic invasion, produce a terminal miliary tuber- 
culosis or lead to some other complication, such as paraplegia, acute 
pneumonic pulmonary tuberculosis, or a cold abscess. 


5 -CLINICAL PICTURE AND TREATMENT 

(1) — Acute Generalized Miliary Tuberculosis 

Clinical picture 

The clinical manifestations of acute generalized miliary tuberculosis 
are extremely varied, but three characteristic forms of the disease are 
sufficiently distinctive to deserve recognition; namely, atyphoidal form 
in which localizing features are generally absent, a pulmonary form 
in which pulmonary features predominate from the onset, and a 
meningeal form in which meningitis is throughout the chief feature. 
The typhoidal form often begins insidiously with weakness, wasting, 
and pyrexia, but soon the toxaemia becomes severe. A dry hot skin, 
cracked tongue, slight cyanosis, rapid loss of weight, tachycardia, and 
persistent pyrexia are the general features. The spleen is often palpable. 
As a rule the lungs do not show any changes or only fine bronchitis 
on clinical examination. With rapid progression of the disease the 
patient soon sinks into a torpid state and dies in coma usually within 
six weeks. In the pulmonary form the initial symptoms of toxaemia are 
accompanied by increasing dyspnoea, cyanosis, and productive cough 
in a way that points to serious implication of the lungs. These pulmonary 
symptoms are always disproportionately severe in comparison with any 
abnormal physical signs in the chest; as a rule there is evidence only 
of fine bronchitis or patchy collapse, or else of emphysema. Radio- 
graphy of the chest is essential to determine the true condition by the 
characteristic fine mottling always seen in the lung fields (see Plate 
VII, a). The meningeal form of miliary tuberculosis is found when the 
generalized dissemination of the disease involves the meninges from 
the start. Its clinical features are described elsewhere (see Meningitis, 
Yol. YIII, p. 499). 

Acute generalized miliary tuberculosis is usually fatal within six weeks. 
A fatal prognosis, however, is not justified now in the early stages or 
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A. Radiograph of acute miliary tuberculosis: necropsy control, b. Radiograph of 
chronic miliary tuberculosis of lungs in a young woman with a caseous tuber- 
culosis of uterus, both Fallopian tubes, and ovaries: necropsy control 


Plate VII 


[To face p. 302 


S.KEY 1555] CLINICAL PICTURE AND TREATMENT 303 

from X-ray evidence alone unless the meninges are affected, because 
there are records of recovery. Although there are a few genuine examples 
of recovery from tuberculous meningitis this is excessively rare. On the 
other hand, provided that the meninges escape involvement there is 
more chance that the disease may become chronic or that recovery may 
occur. Though it is not known how commonly this happens, it is 
probably much rarer in infants and children than in adults. 

Diagnosis and differential diagnosis 

The diagnosis of acute generalized miliary tuberculosis is always 
difficult and often delayed, especially in the typhoidal form, unless a 
radiograph of the chest is taken at once whenever the condition is 
suspected. Enteric fever is excluded by the rapid pulse, the absence 
of a rising tide of agglutinins, negative blood cultures, and the pre- 
sence of a polymorphonuclear leucoc 3 ^osis. Progressive endocarditis is 
excluded by the absence of a progressive valvular lesion and also 
negative blood cultures, the latter, of course, also excluding a septi- 
caemia. In the presence of signs of meningitis examination of the cere- 
brospinal fluid is imperative; the raised pressure, fine cobweb coagulum, 
reduced chlorides, raised protein, excess of lymphocytes, and perhaps 
the presence of tubercle bacilli confirm the diagnosis. 

There are only a few other conditions that produce radiographs like JRadwgraphy 
those of miliary tuberculosis in a patient with an acute illness. A rare 
form of miliary broncho-pneumonia can do so, though here the lesions 
are generally coarser and fuse quickly; moreover there is intense 
cyanosis, irregular pyrexia, copious sputum with a mixed bacterial 
flora, and a high polymorphonuclear leucocytosis. Miliary carcino- 
matosis of the lungs runs a course of a few months with symptoms 
resembling those of miliary tuberculosis; but it is rare, especially before 
middle life, there is no fever as a rule, but intense dyspnoea, perhaps 
invasion of the superficial lymphatic glands, and evidence of the 
primary growth, commonly a gastric carcinoma. Syphilis, psittacosis, 
and periarteritis nodosa occasionally affect the lungs in a fashion 
which may be confused with miliary tuberculosis; diagnosis in such 
rare cases rests upon the general clinical features, the Wassermann 
reaction, and perhaps biopsy of a superficial nodule in periarteritis. 
Bacteriological proof of tuberculosis during life is not easy to obtain 
though occasionally the organisms are found in the cerebrospinal 
fluid or stools. Choroidal tubercles if present are diagnostic, but in 
my experience they are very rarely found. 

Treatment 

Complete rest in bed is essential and also skilled nursing attention. 

Medicinal treatment is entirely symptomatic. In the meningeal form 
lumbar punctures repeated at intervals of a day or two help to relieve 
the headache, the distressing cry, and the convulsions. 
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(2)_Chronic and Healed Generalized Miliary Tuberculosis 

icidence Until recently miliary tuberculosis pursuing a chronic course or 
healing has been regarded as nothing more than a curiosity of occasional 
pathological interest. In 1924, however, Burnand and Say6 gave a 
clinical description of a few examples. Subsequently there has been an 
increasing recognition of the frequency with which a prolonged course 
occurs, a recognition which has been furthered greatly by a much wider 
use of radiology in routine diagnosis of pulmonary disorders. Hoyle 
and Vaizey recently collected and analysed 1 10 cases from the literature 
and added to these 10 others of their own. 

Miliary tuberculosis pursuing a chronic course is commonest in 
adolescence and early adult life. It usually arises insidiously with a dry 
cough, smouldering pyrexia, malaise, and loss of weight. In others the 
onset is like that of the acute disease. As a rule abnormal signs are 
few and may be limited to the general features of a toxaemic illness 
coupled with evidence of localized infiltration of one or both lungs 
or of a fine bronchitis. The spleen is not uncommonly enlarged and 
occasionally is enormous. A diffuse lymphadenitis is another important 
feature. Focal tuberculosis of the skin, genito-urinary tract, a joint, the 
iris, or more rarely some other organ may also occur. Such lesions 
may appear concurrently or in a consecutive fashion during the course 
Radiography of the disease. Radiographic examination of the chest is essential for 
the recognition of the disease, and the miliary shadows then seen are 
usually numerous, small, discrete, and symmetrical (see Plate VII, b). 
Their density is sometimes greater than in the acute disease* owing to 
fibrosis, and they sometimes appear calcified. When there are calcified 
miliary foci in the spleen or liver they are demonstrable radiologically. 
In a few the radiographic appearances of the lungs are quite atypical 
for miliary disease owing to the presence of a latticed pattern in the 
lung fields and abnormal mediastinal and hilar shadows. This feature 
occurs in the lymphogenous form of the disease. 

It is convenient to distinguish three groups of cases of chronic miliary 
tuberculosis as regards the course and prognosis. One group consists 
of those in whom the disease ends fatally in less than six months. 
These patients usually have an abrupt onset; the course is febrile with- 
out remission and is commonly terminated by tuberculous meningitis. 
Here the disease closely resembles acute miliary tuberculosis with a 
prolonged duration. A second group consists of those with a fatal 
termination after a course longer than six months and averaging about 
two years; the onset is more often insidious, there are remissions in 
which the disease is apparently quiescent for a short time, and there is 
often clinical evidence of extra-pulmonary focal tuberculosis. Tuber- 
culous meningitis is again the common termination, though sometimes 
there is a peculiar form of progressive toxaemia with severe emaciation 
and dyspnoea, cyanosis, and little or no pyrexia. Occasionally the 
pulmonary lesions produce a cor pulmonale and terminal congestive 


Course and 
prognosis 

Cases fatal 
within six 
months 


Cases fatal 
after longer 
period 



S.KEY 1555] CLINICAL PICTURE AND TREATMENT tS05 

- ^ f * 

heart failure. But some patients recover spontaneously and xQtmx Fatxents who 

normal health; Hickling recorded two cases in which recovery followed 

surgical removal of a massively enlarged tuberculous spleen. Apparently 

after quiescence for two years relapse is infrequent. The pulmonary 

lesions sometimes remain clinically unimportant throughout the course 

of the disease; some patients have transient pyrexia, cough, and malaise 

at the onset but respond rapidly to treatment by rest. In others the 

disease is never recognized during this active phase and only discovered 

by chance when already obsolete. Radiologically in this group the 

lesions may disappear completely or may become steadily more opaque 

from fibrosis or calcification. 

Diagnosis 

A diagnosis of chronic generalized miliary tuberculosis is justified Chronic 
only when there is good evidence that miliary lesions seen in the lungs 
radiologically are tuberculous, and when there is evidence of generaliza- 
tion of the disease. Many cases of chronic miliary tuberculosis do not 
show any clinical evidence of generalization and even at necropsy it 
may be hard to find, the lungs bearing the brunt of the disease. Proof 
of tuberculosis rests on detection of the organism either in sputum, Detection of 
fasting gastric contents, the urine, the discharge from a sinus, or else- organism 
where, or upon the histological examination of an excised lymphatic 
gland or affected piece of skin. Cultures and inoculation of a guinea-pig 
should be used if necessary. In quiescent or healed cases direct evidence 
of this kind may not be available during life; the diagnosis must then 
rest upon probability and exclusion of other conditions. 

The main sources of difficulty are tuberculous broncho-pneumonia, Diagnosis 
carcinomatosis, and pneumoconiosis. Tuberculous broncho-pneumonia 
presents a different radiological picture in its earliest phases and a rapid broncho- 
course with cavity formation. It is rare for carcinomatosis to cause 
confusion and then only in its miliary form in the lungs or as lymphangitis 
carcinomatosa; these are commoner after fifty years of age, always lead matosis 
to great dyspnoea but rarely to fever, and end fatally within a few 
months. The primary growth is most often in the stomach and may 
provide diagnostic features. Pneumoconiosis is distinguished from From 
chronic miliary tuberculosis by a history of prolonged exposure to 
harmful dust. Other conditions occasionally causing difficulty in 
diagnosis are miliary congestion of the lungs, occurring with some conditions 
underlying cardiovascular lesion and with clinical signs of congestive 
cardiac failure: fungoid infections, xanthomatosis, Hodgkin’s disease, 
bilharziasis, and Boeck’s sarcoid. Confusion with the latter is especially 
likely in the presence of skin involvement. Diagnosis between the two 
conditions may be impossible unless tubercle bacilli can be identified, 
because the histological appearances are not always satisfactory as a 
means of separating the two diseases. Many believe that sarcoids are a 
non-caseating form of tuberculosis (Pinner). 
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Treatment 

Patients in wLom the disease runs a progressive course have no 
prospect of recovery, and treatment is symptomatic. Those with 
quiescent lesions do not need any treatment, though periodic observa- 
tion is a wise precaution. With the intermediate group treatment by 
prolonged rest in bed offers a prospect of averting a fatal outcome. In 
some of these, bilateral artificial pneumothorax is worth a trial though 
severe dyspnoea is a limiting symptom that restricts its use even in 
favourable cases. Treatment by gold sodium thiosulphate (sanocrysin, 
crisalbine) or other gold salts is advocated by Saye; small doses should 
he used and with great caution. 

(3) — Acute Generalized Massive Tuberculosis 

Incidence This rare form of tuberculosis is seen as a rule during early childhood, 
or among negroes and other primitive races. 

Clinical picture 

Acute forms occur as a severe and progressive febrile illness, accom- 
panied generally by rapid wasting, tachycardia, multiple adenitis, and 
an enlarged spleen. Enlargement of the spleen is common and it may 
be massive from multiple large caseous foci. The lesions in the lungs 
are often not shown by abnormal physical signs until they are far 
Evidences of advanced. Recurrent dissemination of the bacilli by the blood-stream 
lisfemblation inferred from fresh lesions in the lungs, or by the appearance 

at intervals of crops of papulo-iiecrotic tuberculides or, in infants, 
of subcutaneous nodular tuberculous abscesses. Transient attacks of 
meningeal or cortical irritation have been described with various neuro- 
logical signs closely simulating those of tuberculous meningitis and 
with changes in the cerebrospinal fluid pressure, number of cells, and 
globulin content. These attacks appear to be due to a small caseating 
focus in the meninges or cortex. 

Course and As a rule this form of generalized tuberculosis is fatal within a few 
treatment weeks. Treatment is limited to the provision of adequate facilities for 
rest, feeding, nursing care, and the relief of symptoms. 

(4) — Chronic Generalized Massive Tuberculosis 

Generalized tuberculosis with lesions that are massive rather than 
Types miliary is occasionally chronic. Four types are now sufficiently dis- 

tinguished to deserve recognition as separate clinical groups, though 
individuals may sometimes show features of more than one group as 
the disease extends. 

Protracted (i) Chronic pulmonary tuberculosis is occasionally accompanied by 
dissemmation concurrent or consecutive tuberculous involvement of bones or joints, 
the genito-urinary system, the skin, or more rarely by lesions elsewhere. 
Such features are significant of generalization of the disease in Schiir- 
mann’s sense of protracted dissemination. The clinical features of the 
individual lesions do not differ in any way from those associated with 
focal tuberculosis in the various organs affected, (ii) Tuberculous 




Radiograph showing hilar lymphadenopathy and disseminated lesions in both lungs of milia 
This patient was blind from chronic iridocyclitis and had enlargement of both parotid glar 
generalized enlargement of superficial lymph glands and of the spleen. Histological exan 
of a lymphatic gland showed chronic miliary tuberculosis. (Reproduced by kind permis 
Dr. W.D.W. Brooks) 
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polyserositis, polyorrhomenitis, or Concato’s disease (see also Ascites, Folyserasiiis 
VoL II, p. 157). (iii) Generalized tuberculosis with massive lesions Lymphatic 
confined to the lymphatic system was first described by Osier; he found 
the most extreme examples in negroes, and others have since found the 
same (Lincoln). The characteristic feature is a more or less general 
enlargement of lymphatic glands. The retroperitoneal, mesenteric, and 
bronchial glands are affected especially, but superficial nodes may also 
become enormously enlarged. The chronic course is sometimes accom- 
panied by little or no evidence of toxaemia for long periods. Sometimes 
a massive generalized tuberculosis of the entire abdominal glandular 
system produces a clinical picture closely resembling coeliac disease 
with chronic wasting, abdominal distension, and bulky pale fatty stools. 

At other times there is a strong resemblance to Hodgkin’s disease. 

Histological examination of an excised gland will usually decide the Haemk and 
diagnosis, (iv) A further group of cases occurs in which the features dissemination 
of this preceding group are accompanied by lesions in other viscera, 
pointing to haemic as well as lymphatic dissemination of the disease (see 
Plate VIII). Thus there may be tuberculous iridocyclitis, uveoparotitis, 
a massively enlarged caseous spleen, and focal tuberculosis of the spine, 
genito-urinary tract, skin, or lungs. 

The outlook in these forms of generalized tuberculosis is always Prognosis and 
uncertain and usually poor. Few patients survive for more than a year 
or two though some remarkable examples are on record in which the 
lesions have become quiescent and health has been restored. In such 
cases extensive calcification occurs in the affected organs. Treatment 
follows the general lines for an active tuberculosis. For those cases 
included in groups (ii) to (iv) the cautious use of ultra-violet rays or 
exposure to sunlight may be beneficial. 
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l.-DEFINITION 

{Synonyms. — Deer-fiy fever; rabbit fever) 

1556.] Tularaemia is a specific infective disease due to Bacterium 
tularense. It is wide-spread in nature in various animals, principally 
rodents, and is acquired by man through handling infected animals or 
their carcasses, or transmitted to man from infected animals by biting 
insects. 


2.-AETIOLOGY 

The first case in man to receive bacteriological proof was reported from Earliest 
Cincinnati in 1914, but the disease is known to have occurred in the 
United States of America as early as 1907. The causal organism was 
identified in 1912 during a study of an epidemic among ground squirrels 
in California and named after the county, Tulare, in which the discovery 
was made. Francis in 1920 gave a clear account of the disease as it 
occurs in animals and man and of the methods by which it is trans- 
mitted. The disease has been reported to occur in man in the United Geographical 
States, Japan (1925), Russia (1928), Norway (1929), Canada (1930), 

309 



310 


TULARAEMIA 


[vOL. XII 


Sweden (1931), Austria (1935), Czccho-Slovakia (1936), and Turkey 
(1936). It is unknown in the British Isles except as a laboratory infection. 
vfodesof It is most commonly acquired through an abrasion of the skin of the 
nfection hands in those killing or handling the carcasses or skins of infected 
rabbits or hares, but it may not be possible to discover the site of entry. 
It is also transmitted from infected animals by biting insects, most 
commonly the horse-fly {Clirysops discalis) and the wood-tick (Derma- 
centor andersoni), but other blood-sucking insects, such as lice, (lies, 
bugs, and ticks may act as the transmitter. It has been acquired by 
eating partly cooked rabbit, and by the bites of animals whose mouths 
have been contaminated. The disease has been acquired by man in one 
or other of these ways from the wild rabbit, hare, tree squirrel, ground 
squirrel, lemming, guinea-pig, water-rat, wild rat, white rat, ground- 
hog, skunk, musk-rat, coyote, opossum, fox, deer, quail, and sage-hen, 
from scratches by a cat, and by picking ticks from a dog. Water has 
been contaminated and has given rise in Russia to an epidemic in man. 
Laboratory workers who handle living cultures of the organism or 
perform necropsies on inoculated animals seldom escape infection. 
Infection from man to man is unknown. 


3.~BACTERIOLOGY AND MORBID ANATOMY 

Causal Bacterium tularense is a small pleomorphic Gram-negative cocco- 
orgamsm bacillus, aerobic, non-mobile, and non-spore-bearing. It grows well on 
coagulated egg-yolk and blood-glucose-cystine-agar but not on ordin- 
ary laboratory media. It has been isolated directly from man on culture 
media but has not been identified in smears made from human lesions. 
It is best isolated by the inoculation of guinea-pigs with material from 
lesions and has been obtained in this way from blood taken from 
patients during the first week of the disease. 

Histology of In the morbid anatomy of the individual lesions there is a similarity 
lesions tuberculosis and two concurrent processes may be recognized, 

necrosis, and a reaction of reticulo-endothelial-monocyte-epithelioid 
type. In early lesions necrosis predominates, in late lesions the cellular 
reaction, and old necrotic lesions become encapsulated by fibrous tissue. 
It is doubtful if the diagnosis can be made on the histological appear- 
ances alone. 

Primary skin The primary skin lesion is a reddened papule that breaks down to 
lesion ^ punched-out sloughing ulcer. If the primary lesion is in the 

eye, there is infiltration of the conjunctiva by lymphocytes and poly- 
Other lesions morphonuclear leucocytes and foci of caseous necrosis. The regional 
lymphatic glands are enlarged and may suppurate; a nodular or con- 
fluent pneumonia occurs in a large proportion of the fatal cases; the 
spleen and liver often contain focal lesions and more rarely similar 
lesions are found in the kidneys, intestines, brain, and meninges. Exuda- 

+ lTTCi w.tn'.r 4-1. n .. 1 ^ ^ ^ ^ ^ -i. ^ ^ 
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4 -CLINICAL PICTURE 

After an incubation period of from one to ten days there is a sudden Onset 

onset of headache, vomiting, chill, fever, and aching in the back and 

limbs. Weakness, anorexia, loss of weight, sweating, and prostration 

follow. Skin eruptions, macular, papular, vesicular, or pustular, may 

occur at any time in the course of the disease. In the ulcero-glandular Ukem- 

type that arises from a primary skin lesion there is pain in the regional 

lymphatic glands for forty-eight hours before an inflamed papule 

appears at the site of entry. This rapidly becomes pustular; a necrotic plug 

is discharged and a punched-out ulcer forms. Pneumonia, bronchitis 

and pleurisy, and meningitis occur as complications of this type. In 

the oculo-glandular type, pain in the eye, photophobia, lacrimation, Ocuh- 

oedema of the lids, conjunctivitis, and painful enlarged regional lymph- 

atic glands are the characteristic features. A glandular type occurs Glandular 

with enlarged regional glands but no primary lesion. A typhoid type Typhoid type 

in which there are general symptoms but no primary lesion and no 

regional enlargement of lymphatic glands is the form usually found in 

laboratory infections. In the ingestion type, in which the infection arises Ingestion type 

from imperfectly cooked meat from, an infected animal, the onset is 

marked by vomiting, abdominal pain, and diarrhoea. 


5 -COURSE AND PROGNOSIS 

In most cases the active stage of the disease lasts for two or three 

weeks and in the absence of complications recovery is the rule, but the 

convalescence is often prolonged and complete recovery may be delayed 

for several months. Recurrences of slight fever with lassitude and weak- Recurrences 

ness may interfere with the capacity for hard work for as long as a 

year. The course may be greatly prolonged by complications. Suppura- Complications 

tion in enlarged lymphatic glands has been recorded at any time from 

one to twenty-four months after infection. 

Recovery is the rule in the oculo-glandular type, without permanent Prognosis and 
impairment of vision. In cases with pulmonary complications the 
mortality rate is about 40 per cent. Meningitis is usually fatal, and 
death has occurred in most cases acquired from eating partially cooked 
meat from infected animals. The total mortality rate is between 4 and 
5 per cent. One attack confers lasting immunity. Immunity 


6 -DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

In cases of the ulcero-glandular type, the primary skin lesions and the 
enlarged regional lymphatic glands make the diagnosis easy in a locabty 
where the disease is common, especially if there is a history of handling 
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the carcass or skin of a rabbit or other rodent, but tularaemia should be 
considered as the possible cause of every case of undiagnosed fever in 
an area where it is known to occur. Cases subsequently proved to be 
tularaemia have been provisionally diagnosed as influenza, typhoid 
fever, sporotrichosis, undulant fever, tuberculosis, psittacosis, and 
septic infections. 

The blood count is not characteristic, a mild secondary anaemia 
being commonly found with a moderate leucopenia or leucocytosis. 
Specific agglutinins are present in the serum in the second week of the 
disease, attain a maximal concentration between the fourth and seventh 
weeks, and remain present for as many years following infection as 
observations have been recorded. 

Foshay (1932, a) recently prepared a detoxified antigen for intra- 
dermal tests that may enable a specific diagnosis to be made in the first 
week, but the value of this test has still to be accurately defined. The 
infecting organism has been isolated by inoculation into guinea-pigs 
of the blood during the first week, and of pus from the primary lesion 
and from suppurating lymphatic glands. 


7.-TREATMENT 

No preventive treatment has so far been discovered apart from 
protection by rubber gloves of the hands of those who dress the 
carcasses or handle the skins of infected rodents. The treatment of 
the disease is almost entirely general and symptomatic. The primary 
skin lesion should be treated by the application of dressings and when 
suppuration occurs in a lymphatic gland it should be incised. Foshay 
(1932, b) has recently prepared a therapeutic serum from goats, but its 
value is not yet established. 
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1. -INTRODUCTION AND DEFINITION 

1557.] Though the term tumour, in its widest sense, may be applied 
clinically to any mass arising within the tissues, it is proposed in the 
present article to limit the discussion to tumours of a purely neoplastic 
character. A neoplasm has been defined as ‘an autonomous or inde- 
pendent new growth’ (Thoma), i.e. a local proliferation of cells not 
subservient to the needs or control of the body but self-regulating in 
their powers of growth and spread. The present article is limited to a 
seneral consideration of the climcaland morbid features of such growths, 
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the manner of their spread, and certain effects that they may exert upon 
the body as a whole. 


2 -CLINICAL PEATURES OF BENIGN AND 
MALIGNANT TUMOURS 


Characters 
of benign 
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From the clinical point of view the most important question that must 
be answered on discovering a tumour is: ^Is it benign or malignant?’ 
In the minds of many this distinction is apt to be of a mixed clinico- 
pathological character that eludes precise definition. The purely clinical 
conception of a benign tumour as harmless to its host, in contradistinc- 
tion to the malignant tumour that kills, does not take into account the 
numerous instances in which a histologically benign tumour is fatal 
by \’irtue of its position in the body, for example a small polypoid 
glioma in the aqueduct of Sylvius and myo-adenomas of the prostate 
(see also p. 321), The histologically benign tumour may thus be clinically 
malignant. From the pathological aspect, however, benign and malignant 
tumours are distinguished by a number of histological criteria. 

When a tumour is readily accessible to the examiner its character 
may often be decided without much difficulty. The benign tumour is 
characteristically circumscribed and, in yielding tissues, tends to be 
spherical. It expands the surrounding structures without becoming 
fixed to them and therefore, in soft tissues, has a certain amount of 
mobility. Its growth is slow and if it is removed it does not recur. 
The malignant tumour often grows rapidly, and rapidity of growth 
alone should arouse suspicion even if the tumour appears otherwise 
to be benign. It is not limited by a capsule and it tends to infiltrate the 
surrounding tissues and hence becomes fixed to them. In addition the 
examiner may find evidence of metastases in the regional lymph nodes 
or even in more remote parts of the body. 

Although these elementary but fundamental distinctions are applicable 
in most instances, the clinician may at times be deceived by them, A 
tumour macroscopically benign in appearance may be malignant, for 
example in some carcinomas of the thyroid there are metastases from 
w^hat would otherwise be dismissed as an innocent adenoma. Again 
malignant changes, only revealed by the microscope, may take place 
in an apparently benign tumour, for example sarcomatous transforma- 
tion in a fibromyoma of the uterus. The converse may also be true: a 
poorly defined, non-encapsulated growth may yet be clinically benign, 
for example most melanomas of the skin and certain lipomas of 
the subcutis. The demonstration of metastasis, however, is generally 
accepted as unimpeachable evidence of malignancy except perhaps in 
the central nervous system, where metastatic spread by the cerebro- 
spinal fluid may take place from a histologically benign tumour such 
-nanilloma of the choroid plexus (Van Wagenen). 
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3 -MORBID ANATOMY 
(1) — Macroscopic Features 

Many tumours, however, are revealed only at operation and it is there- 
fore important to recognize the macroscopic features of malignant 
growths. These may be summarized as follows. 

Infiltration or invasion by tumour of surrounding tissues independently 
of lined channels 

The growth, either on superficial examination or on section, or on 
both, is ill-defined. Its borders are irregular and, when presenting on a 
free surface, often raised and everted. The adjacent tissues of the host 
are penetrated by tongues or fine anastomosing strands resembling 
the substance of the main tumour in colour and texture. Such infiltra- Induration 
tion causes the tissues to become abnormally firm or indurated, a 
factor of considerable diagnostic value when the primary growth is 
diffuse and ill-defined — ^for example in the stomach. When serous 
surfaces are involved they are often puckered, the area resembling a 
scar. 

Permeation 

The lumina of blood-vessels, ducts, and lymphatics may become 
occupied by tumour cells in continuity with the main growth. Thus 
a carcinoma of the kidney may block the lumen of the renal vein and 
extend thence into the inferior vena cava. Lymphatic permeation, for 
example in the peritoneum or pleura, is often clearly shown by dis- 
tension of the vessels with opaque greyish-white tumour tissue which 
causes them to stand out sharply against the background. 

Metastasis 

Cells or groups of cells are detached from the primary tumour and Spread by 
are carried as emboli by the lymph- or blood-stream to distant sites 
where they come to rest and, by proliferation, form a secondary 
growth. Metastasis may also take place first by the lymphatics and 
secondly, after traversing the thoracic duct, by the blood-stream. 

Frequent sites of such secondary growths are the lymphatic glands, 
liver, lungs, bones, and brain. Voluntary and cardiac muscle and the 
spleen are very rarely affected, from which it would appear that the 
nature of the soil must be an important factor in controlling dissemina- 
tion. Macroscopically these secondary deposits appear on the surface Appearances 
of a viscus, such as the liver, as firm, slightly raised or flat, greyish- 
white, sharply-defined areas. They may be haemorrhagic or have 
haemorrhagic borders. In the larger foci there is often a depressed or 
umbilicated centre due to central necrosis. Lymph nodes occupied by 
secondary growth are often enlarged and unusually firm: their super- 
ficial and cut surfaces are altered in colour and texture by the 
replacement of their normal tissue by growth, which is most often 
firm and greyish-white. 
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Metastasis may also be promoted by other forces, such as gravity: 
for e,\ample secondary deposits from a carcinoma of the stomach 
may be found in the pelvic peritoneum. Physiological propulsion is 
often quoted as an agent but its action is very questionable. It is, how- 
ever, possible that tumours are disseminated from a higher to a lower 
part of the intestinal tract by peristalsis, but in such instances it is 
difficult to disprove that spread has taken place through lymphatic 
permeation. The circulation of the cerebrospinal fluid is responsible 
for the dissemination of certain tumours of the central nervous system 
when these are so placed that their cells have access to the fluid 
(Cairns and Russell). Malignant tumours are spread by this means 
more often than benign. A rarer method of spread is transplantation 
by apposition, for example in carcinoma of the lip. Artificial inoculation 
of tumour by the surgeon’s knife is now very rare. Kettle recorded 
a case in which exploratory needling of a carcinomatous liver was 
followed by a secondary deposit in the abdominal wall. This possi- 
bility should not be forgotten in view of the renewed enthusiasm in 
recent years for biopsy by needling, for example in carcinoma of the 
breast. 

(2) — ^Microscopic Features 

In many instances the naked-eye features of a tumour are indecisive 
and microscopic examination is necessary to determine whether it is 
benign or malignant. In such an examination the following points 
must be taken into consideration. 

Character of the growth as a whole, whether typical or atypical 
In general benign growths are typical, i.e. they resemble fairly closely 
the tissue of origin both in the morphology of the individual cells and 
in the manner in which they are arranged. A good example is the 
adenomatous polyp of the intestinal mucosa. The resemblance between 
the cells of a benign tumour and the parent tissue may even extend to 
function; thus the cells of an adenoma of the liver may secrete bile. 
Tumours of the endocrine glands often display this propensity to such 
an extent that the body as a whole is affected by their activity (see 
p. 321). But malignant tumours may also, though more rarely, reflect 
the functions of the tissue of origin; thus carcinomas of the intestinal 
tract are often composed of mncus-secreting cells and the metastases 
from such tumours are generally of a similar character. Von Eiselsberg’s 
classical case is often quoted, in which myxoedema followed the 
surgical removal of a carcinomatous thyroid gland, was relieved later 
upon the appearance of a functioning secondary deposit in the sternum, 
but reappeared when, this was excised. The myxoedema, however, failed 
to improve when, still later, another metastasis appeared in the scapula. 
In contrast to the benign, the malignant tumour departs from the 
cell-morphology and architecture of the tissue of origin to a greater 
but still variable extent. In general, the greater the departure the more 
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malignant is the tumour. When a tumour closely resembles in structure Differentia- 
the tissue of origin it is said to be highly differentiated; in losing these 
distinguishing characters it becomes dedifferentiated, and finally un- 
differentiated. The process by which such dedifferentiation takes place 
is referred to as anaplasia. In different phraseology the cells are said Anaplasia 
to revert to a more embryonic type. 

The recognition of anaplasia is of the greatest importance in diagnosis 
and prognosis. Upon it depends the system of grading of tumours 
introduced by Broders (1920), based upon his observations on a large Broders' 
series of cases of epithelioma of the lip. According to this system indi- 
vidual cases were placed in one of four grades according to the relative 
proportions of differentiated and undifferentiated tumour tissue in the 
excised specimen. Grade 1 comprised tumours in which three-quarters 
of the tissue showed differentiation; grade 2 showed equal proportions 
of differentiated and undifferentiated tissue; grade 3 showed differentia- 
tion in one quarter of the tissue only, and in grade 4 there was no 
tendency towards differentiation. In 1925 Broders revised his system 
slightly so that a somewhat larger number of tumours would be placed 
in the two lower grades. His work has met with considerable support, 
especially in the United States, as an aid in prognosis and in following 
up cases. 

Although its application to relatively small growths such as epi- Limitations 
thelioma of the lip, which are completely excised and can be examined 
microscopically with relative thoroughness, is undoubtedly sound and grading 
useful, it is doubtful if the system can be used in other classes of tumour. 

It is a common experience that in dealing with a large solid tumour, 
whether carcinomatous or sarcomatous, there is much variation in 
both architecture and cellular differentiation in different areas. To assign 
such a tumour to its correct grade would involve immense labour since 
a complete histological examination of the whole mass would be 
obligatory. Also it is well known that a tumour upon which an opera- 
tion has been performed may undergo anaplastic changes in a short 
space of time. I have examined gliomas which, on surgical removal, 
have displayed a highly differentiated cellular structure but which, 
although the extirpation appeared to be complete at the time, have 
recuned within a year or eighteen months and have been found, on 
re-examination, to exhibit extreme dedifferentiation. In the light of 
such experience prognosis is rendered exceedingly difficult. Finally 
certain tumours, although well differentiated, possess a surprising 
degree of malignancy, for example the colloidal adenocarcinomas of 
the thyroid which retain a remarkably typical structure even in the 
metastases. Again the histological distinction between chondromas 
and chondrosarcomas is often extremely difficult, the appearance of the 
latter being misleadingly typical. Any attempt to grade such tumours 
according to Broders’ standards would be futile and of little prognostic 
value. According to Boyd, grading by microscopical criteria should 
not take the place of careful clinical judgement, nor should the prognosis 
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be based slavishly upon it. He considers that the value of grading lies 
rather in the help given in assessing the radiosensitivity of the tumour. 
These criticisms should not be interpreted as a reactionary effort 
to belittle this work. That closer attention to the structural details 
of tumours will be rewarded is indicated by such studies as those of 
Callender and Wilder, who analysed a series of forty-six cases of 
choroidal melanoma followed for five years and showed that metastasis 
had not occurred when argentophil fibres were present throughout 
the tumour; when, however, these fibres were absent in some areas 
metastasis occurred in 68 per cent of cases; and when fibres w'ere entirely 
absent all the patients had died. 

Invasion 

Further evidence of the nature of a tumour may be sought in the 
character of its boundaries. The benign tumour is characteristically 
circumscribed and often enclosed by a capsule formed as the result of 
pressure upon the adjacent tissues of the host. Such pressure leads to 
degeneration and a gradual disappearance of the cells at the periphery, 
while the residual supporting connective-tissue becomes condensed to 
form a collagenous sheath around the tumour. In malignant tumours 
such a capsule is usually absent, the margins showing areas in which 
the tumour is actively invading the surrounding tissues. Such invasion 
is manifested by the extension of narrow trabeculae or broader tongues 
of tumour cells beyond the limits of the main mass. Extension tends 
to take place along lines of least resistance, for example in the loose 
connective-tissue separating muscle bundles or epithelial structures and 
along the perineural sheaths of nerves. In the course of such invasion 
lined channels such as lymphatics and blood-vessels may be occupied 
by rumour cells with subsequent permeation. Such histological features 
afford clear and incontrovertible evidence of malignancy. In many 
instances, howwer, it is necessary to search for earlier stages, and here 
the relation of the tumour cells to adjacent basement membranes is of 
the first importance. The existence in a tumour of otherwise benign 
appearance of any area in which the cells have lost their orderly arrange- 
ment and have broken through the basement membrane into the sur- 
rounding stroma indicates early malignancy. Such tumours are often 
designated as precancerous. 

Morphology of the cells 

The divergence in character of a tumour from its tissue of origin with 
consequent dedifferentiation implies not only the loss of typical archi- 
tecture but changes in the individual cells whereby they tend to lose 
any special features that were distinctive of their ancestors. They thus 
become simplified and, if encountered as a metastasis in another part 
of the body, may offer no clue to their origin. There is also generally 
considerable variation in the size of the cells, some perhaps being of 
giant proportions. Such giant cells may contain one or more nuclei; 
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in the latter event the nuclei may be superimposed or may be arranged 
in an annular fashion at the periphery of the cytoplasm. The nuclei 
of the giant cells vary in size and in their chromatin content. The 
presence or absence of mitoses is an important indication of the rate Mitoses 
of growth of the tumour at the time of its removal. Multipolar mitoses Abnormal 
and mitoses in which the number of chromosomes is either increased or 
decreased are often seen in highly malignant tumours. Such abnormal 
mitoses are probably closely linked up with the formation of multi- 
nucleate giant cells. Multipolar mitoses, however, are occasionally seen 
in inflammatory conditions and sometimes in tissue-culture preparations 
of normal tissues. In the latter they are generally ascribed to toxic 
alterations in the culture medium. 

Metastasis 

The regional lymph nodes should invariably be examined for the Examination 
presence of secondary deposits when this is possible, for their demon- %^^^noLs 
stration is positive proof of malignancy. Generally the histological 
character of the deposits resembles closely that of the primary growth 
both in architecture and in the morphology of the cells. Occasionally, 
however, the secondary deposits show further dedifierentiation or, 
perhaps more rarely, the converse. A fully documented and critical 
survey of the phenomenon of metastasis and other methods of tumour 
spread is given by Willis. 

(3) — ^Value of Microscopic Criteria 

These elementary histological criteria of malignancy have been briefly 
stated in order that their relative value in diagnosis may be discussed. 

With the exception of metastasis none alone provides a certain answer Metastasis 
in all circumstances to the question whether the tumour is malignant. 

The investigation of regional lymph nodes in biopsy specimens is often 
impossible. Moreover a negative result does not preclude malignancy 
because metastasis may have taken place by the blood-stream. 

Evidence of invasion alone cannot be accepted as indicative of Anomalies 
malignancy. It is well known for example that meningiomas often invade 
the medullary spaces of the adjacent skull and penetrate the large dural 
sinuses, and may even reach the soft tissues superficial to the skull: 

I have seen two examples in which the temporal muscles were so affected. 

Yet these tumours offer no other evidence of malignancy and are 
clinically benign. The same is true of chromophobe adenomas of the 
pituitary; although macroscopically apparently circumscribed they often 
invade the adjacent brain and dura, and even the bony walls of the sella 
turcica. In other respects they are histologically and clinically benign. 

The so-caUed ‘cancroid’ of the appendix is another instance of a tumour 
that is locally invasive but rarely gives rise to metastases. 

Moreover in biopsy the borders of a tumour may not be available for Examination 
examination. In such circumstances the estimation of the degree to ^ 
which the tumour departs in histological character from the tissue of 
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origin is of the greatest importance; and here the loss of noimai archi- 
tecture may he regarded as of greater significance than the presence 
of morphological variations amongst the individual cells. Abundant 
mitoses indicate rapidity of growth and, though alone of no great 
significance, in conjunction with other features should be accepted as 
supporting evidence of malignancy. 

(4) — Association between Benign and Malignant Tumours 

It is commonly taught, especially by clinicians, that benign tumours 
are apt to undergo malignant transformation. In fact this change 
appears to be uncommon: a benign tumour tends to remain benign, a 
malignant tumour generally bears this character from the start. Excep- 
tions may be enumerated, and the possibility of this occurrence must 
always be remembered especially when a benign, tumour of long 
standing manifests rapid growth. An important example is melanoma 
of the skin. Leiomyomas may become sarcomatous, a change often 
referred to by clinicians as ‘degenerative’ although its character is 
rather of the reverse order. In most carcinomas of the thyroid the growth 
is largely adenomatous. When multiple adenomas of the intestinal tract, 
especially of the stomach, occur carcinomatous transformation may 
take place in only one of them. The same is true of villous papillomas 
of the bladder and the skin papillomas of tar-workers. Sarcomatous 
change may, though rarely, occur in neurofibromas of the peripheral 
nerves; I have recently seen such an example in neurofibromatosis. 


4.-LATENT PRIMARY TUMOURS 

Many instances might be quoted of tumours that have given no hint of 
their presence until the results of erosion have led to the sudden per- 
foration of a viscus or blood-vessel, with catastrophic results. It is by 
no means uncommon for a primary tumour to remain hidden and symp- 
tomless and for the patient to seek medical help on account of the effects 
of one or more metastatic deposits. Examples of this nature are fully 
and systematically discussed by Willis, and a few only of the commoner 
instances will be mentioned here. 

Latent carcinoma of the stomach may be accompanied by hepatic 
enlargement from multiple metastases; by bilateral (Krukenberg) 
tumours of the ovaries resulting from trans-peritoneal metastasis; or 
by metastatic deposits in the recto-uterine pouch which may mimic a 
primary^ stenosing carcinoma of the rectum. Instances of latent primary 
carcinoma of the lung with metastasis in the brain are remarkably 
common. Necropsy in such cases may fail to reveal deposits in other 
tissues and, unless an exhaustive search is made throughout the lungs, 
the cerebral focus may be mistaken for the primary tumour. Radio- 
graphy of the chest during life may enable a correct diagnosis to be 
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made, but many of these tumours are too small or, if bronchogenic, too 
diffuse to be readily identified by this means. The prostate, breast, Other sites 
kidney, and testis may also be mentioned as not uncommon sites of a 
latent primary carcinoma. 


5.-EFFECTS OF TUMOURS ON THE BODY 
(1) — Benign 

Serious consequences may follow the development of a benign tumour 
by reason of its position. Such consequences may initially be purely 
local, for example the production of internal hydrocephalus by a 
colloid cyst blocking the foramen of Monro, and of hydronephrosis 
by a papilloma of the ureter. The problem in each instance is anatomical. 

It is proposed here to consider briefly more remote effects of pressure 
or obstruction due to a benign tumour, attributable to some chemical 
change, hormonal or otherwise, within the body fluids. 

Obstruction 

A common example in which both local and remote effects may Enlargement 
easily be traced is in diffuse enlargement of the prostate due to multiple °f Prostate 
myo-adenomas. Such an enlargement, especially when the middle lobe 
is affected, causes urethral obstruction as a result of which the bladder 
undergoes dilatation and hypertrophy, shared by the ureters and pelves 
of the kidneys. In such circumstances infection of the urine readily 
occurs leading to cystitis and an ascending pyelonephritis. Renal 
function is thus impaired and evidence of uraemia may be found on 
chnical examination, constituting a dangerous and often fatal com- 
plication. A somewhat parallel course of events might be traced in Tumour of 
cases in which a benign tumour of the papilla of Yater causes obstruc- 
tion to the flow of bile with resulting jaundice and cholangitis. 

Hormonal effects of endocrine tumours 

In a different category, and of peculiar interest, are the hormonal 
effects upon the body of benign, and more rarely of malignant, tumours 
of the endocrine glands. These are described fully under the titles of 
the various glands. Mention may, however, be made here of the 
hyperinsulinism caused by an islet adenoma of the pancreas, recognition Islet 
of which has led to the surgical removal of the tumour and the cure ^h^pancreas 
of the patient in a number of cases (Fraser, Maclay, and Mann). 

Another example is the clinical syndrome of pain and tenderness in Tumour of the 
the bones, spontaneous fractures, and a raised serum calcium due to P^^^^byroid 
hyperparathyroidism. Pathologically a generalized osteitis fibrosa with 
the formation of osteoclastomas and bone cysts is associated with one 
or more tumours of the parathyroid glands. Turnbull considered that 
such tumours were the result of functional hyperplasia and was dis- 
inclined to regard them as autonomous new growths (Hunter and 
E.M. VOL. xn Y 
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Turnbull). Acidophil adenomas of the pituitary give rise to gigantism 
and acromegaly, and basophil adenomas have been associated by 
Cushing with the well known syndrome that bears his name. But the 
recognition of Cushing's syndrome in association also with adenoma 
of the adrenal cortex and, more rarely, with carcinoma of the thymus 
presents a problem that as yet has eluded analysis. It appears likely 
that chemical investigation of the hormonal substances present both 
in the tumour tissue and in the urine will constitute the next advance. 
Of interest also in this connexion is the urinary excretion of gonado- 
tropic hormone giving a strongly positive Zondek-Aschheim reaction 
in patients with chorion-carcinoma. 


Remote effects of pressure 


Of different pathogenesis are certain syndromes that arise through 
pressure-effects of benign tumours in the region of the hypothalamus 
and pituitary. The basophil and acidophil adenomas of the pituitary 
are, as already mentioned, associated with striking physical changes 
Chromophobe remote parts of the body. Tumours of the chromophobe cells of the 
pituitary cause other changes, not by reason of any specific hormonal 
effect but by destruction of the anterior lobe by pressure. This occurs 
because these tumours usually attain a relatively large size in comparison 
with the chromophil adenomas. The clinical manifestations are those 
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syndrome 


Tumour of 
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of hypopituitarism, namely a gradually acquired obesity, variable 
degree of loss of hair, wrinkling and loss of elasticity of the skin, and 
depression of sexual function. A somewhat similar, though exaggerated, 
picture may accompany suprasellar tumours but here, through involve- 
ment of the hypothalamus, there may be in addition polyuria, increased 
sugar tolerance, hypersomnia and, if the subject is a child, stunting 
of growth. When obesity is pronounced the term Frohlich’s syndrome, 
or dystrophia adiposo-genitalis, is often given to the condition. That 
this syndrome is referable to pressure upon the hypothalamus is proved 
by its development also in cases of gross internal hydrocephalus. 

A somewhat similar mechanism appears to be responsible for the 
occurrence of pubertas praecox in association with tumours of the 
pineal body and of the hinder part of the hypothalamus. 


(2) — ^Malignant 

General 

Cachexia One of the commonest effects upon the body of malignant disease is 
progressive wasting ultimately reaching a state of cachexia. So char- 
acteristic is this that any history of an unexplained substantial loss in 
weight should immediately raise the suspicion of cancer. The means 
whereby such an effect is exercised are not clear. Contributory factors 
are undoubtedly loss of appetite and an inability on the part of the 
intestinal tract to digest fully the food consumed. Another factor is 
the increased break-down of protein in the body. This is associated, 
in advanced cachexia, with albuminuria and excretion of acetone and 
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aceto-acetic acid. At necropsy, in addition to the general wasting, there 
is brown atrophy of the heart, liver, and thyroid gland. 

Blood 

It has long been known that immature cells may appear in the 
peripheral blood in advanced stages of cancer. A more precise descrip- 
tion has recently been published by Vaughan under the title Teuco- Leuco- 
erythroblastic anaemia’ which she defined as an anaemia in which 
immature red cells and a few immature white cells of the myeloid 
series are present in the peripheral blood. The degree of anaemia is 
variable, ranging in her series from 2,200,000 to 5,300,000 red cells 
per c.mm. A similar anaemia may be found in certain other conditions 
but it is characteristic of a carcinomatosis in which the bone marrow 
is the seat of metastatic deposits. Conversely, however, extensive 
carcinomatosis of the bones may be unaccompanied by leuco-erythro- 
blastic anaemia. Moreover there appears to be no intimate relation 
between this anaemia and the site of the primary growth, the length 
of the history, the degree of skeletal involvement, or calcium meta- 
bolism. Macroscopically there is a great increase of the red marrow Changes in 
of the bones, this red marrow being found in sites which normally, 
for the age of the patient, should be occupied by fatty marrow only. 

Obviously therefore the anaemia is not dependent upon depletion 

of the haemopoietic marrow by the metastases. Microscopically the 

marrow characteristically contains unusually large numbers of immature 

red cells. No explanation has been offered of the way in which the Cause of the 

anaemia is produced. Treatment with iron or with liver extracts has 

been ineffective; it appears therefore that it is not due to a deficiency 

of these factors. 

Effects upon body fluids 

The hypothesis that cancer is responsible for some specific change in 
the body fluids has been the basis of a number of so-called cancer 
tests. These have received considerable publicity and not uncommonly Abderhalden's 
forms of treatment have been evolved from them. Thus Abderhalden’s 
test was instituted for the diagnosis of pregnancy and later extended 
as a test for disease in general and cancer in particular. It depended 
upon the presence of specific ferments in the blood in different con- 
ditions. The specificity of the ferments, however, was subsequently 
disproved. More recently a test has been introduced by Bendien who Bendiens 
claimed that in a cancerous subject the fraction of serum proteins 
precipitated by a sodium vanadate-acetic acid solution and dissolved 
in sodium bicarbonate solution gave a characteristic ultra-violet ab- 
sorption curve. These tests, and others including the Freund-Kaminer Evaluation 
test, have been investigated by groups of workers at the London 
Hospital and none has proved reliable. The results of these investiga- 
tions have been reviewed collectively by Panton. At the present time 
no substance has been identified in the body fluids of cancerous patients 
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upon which may be based either a reliable diagnosis or any effective 
treatment. 
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See Ajerophagy, Vol. I, p. 257; and 
Dyspepsia, Carbohydrate Intestinal, Vol. IV, p. 372 


TYPHOID FEVER 

See Enteric Fevers, Vol. V, p. 50 
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Reference may also be made to the following title: 

ARTHROPODS AND DISEASE 


1. -FEVERS OF THE TYPHUS GROUP 

Difimtion 1558.] Till recently the name typhus fever has been used only as a 
designation for an epidemic continued fever of a clear-cut clinical and 
epidemiological type. Within the past few years three other distinct 
forms of disease have come to be recognized as belonging to the same 
group as historical typhus, differing sharply from that disease in being 
primarily diseases of lower animals which are not conveyed from man 
to man but from animals to man by ticks, mites, or fleas. In their 
clinical features, causal organisms, and pathology they are very closely 
related to epidemic typhus but, being epizootic diseases which are only 
incidentally conveyed to man, they are non-epidemic sporadic place 
diseases. A brief survey of these diseases and their relation to epidemic 
typhus is an essential preliminary to a clear understanding of the 
whole group of typhus fevers. 

Extensive and intensive research is in progress on the non-epidemic 
typhus fevers and a number of points remain to be cleared up, but it is 
already possible to give a simple provisional classification which will 
enable the practitioner to obtain a good working knowledge of their 
diagnosis and management. Research workers tend to magnify minor 
points of distinction between these various fevers which are observed 
in different parts of the world, with the result that no fewer than fifty 
names have been given to the tick-, flea-, and mite-borne typhus fevers 
and much confusion has been caused. 

E 0 cky Two of the non-epidemic fevers which are now generally accepted as 
^mdfever^ members of the typhus group have been well known for many years, 
oM "Japanese namely, the spotted fever of the Rocky Mountains and the Japanese 
fever. Both these fevers were known to resemble epidemic typhus 
in their clinical characters but, being sporadic place-diseases associated 
with life in the open country rather than with conditions of poverty 
and overcrowding, it was natural that great hesitation should be felt 
in grouping them with classical typhus. It was only when their causal 
microorganisms and the morbid changes in the tissues were found to 
be very similar that their close relation to typhus was admitted. In 1936 
a third type of non-epidemic flea-borne typhus, usually called murine 
or endemic typhus (see p. 337), was discovered. The general features 
of the epidemic and non-epidemic typhus fevers are shown in the 
foRowing table which is intended for the practitioner rather than the 
research worker. Their geographical distribution is shown in Plate IX. 


Mmw 




Geographical dislribulion of fevers of the typhus group. (From Epklemiohmil Report of the Health Section of the Secretariat 

of the Lcat^ue ofNutlous, Nos. 7 to 9) 

Plato IX 
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The classification adopted in the table does not claim to be final, but 
the principles on which it was based when I proposed it in 1921 are 
now widely accepted. These were (i) that the name Typhus’ should be 
applied to all the fevers of the group as this provides a helpful suggestion 
to the practitioner who encounters a continued fever with the general 
characters of a typhus fever, and (ii) that the name of the arthropod 
vector concerned should be applied, as this indicates the chief epidemio- 
logical feature of the disease. An important later modification consisted 
in the division of the fevers of the typhus group into two main classes, 
namely, epidemic and non-epidemic typhus fevers, with the intention 
of emphasizing the essential difference between epidemic louse-borne 
t>p)hus, the virus of which is directly communicated from man to man, 
and the non-epidemic fevers conveyed by ticks, mites, and fleas, which 
are primarily diseases of the lower animals and are sporadic place- 
diseases communicated from animals to man by their respective vectors. 
Louse-borne typhus is a disease of poverty, overcrowding, and louse- 
infestation, whereas the non-epidemic typhus fevers are diseases of 
persons living in association with the animals which form the reservoirs 
of infection, usually in the open country. The practitioner will some- 
times be unable to determine whether in a given case of non-epidemic 
typhus the vector is a tick, mite, or flea; but if, as is usually the case, he 
can decide that the fever is conveyed by one or other of these three 
arthropods and not by lice he will be relieved of the great load of 
responsibility which would have rested on him if the case had been one 
of louse-borne typhus. 

A reservation must be made in the case of the Mexican flea-borne 
typhus fever (tabardilh) which in its severe form has a mortality of 20 
to 40 per cent and is believed to be transmissible by both fleas and lice. 
The Manchurian flea-borne typhus, though usually mild, is also believed 
to be transmissible by fleas and lice. These two forms of flea-borne 
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typhus differ so strikingly from the many other local forms found all 
over the world that they represent a difficult problem. At present they 
should be classed as louse-borne epidemic typhus from the point of 
view of their practical management. 

The table shows the great variability in the serum reactions in tick Animal _ 
typhus and in the results of animal inoculations with the various kinds 
of virus. These variations may, to some extent, be accounted for by 
differences in virulence of the infecting organisms but they also suggest 
that undue reliance cannot be placed on such tests as scrotal reactions 
in guinea-pigs or the susceptibility of experimental animals. 

The point on which the practitioner can and must have clear ideas is Transmission 
the transmissibility or non-transmissibility of the infection from man to 
man in natural conditions. With regard to this there can be little doubt 
except in the ambiguous cases of Mexican and Manchurian typhus, for 
of all the thousands of cases of non-epidemic typhus fevers which have 
been under treatment there is no record that infection has been conveyed 
from the patient to the attendants, despite the fact that many patients 
have been treated before the relation of the disease to epidemic typhus 
was suspected. General clinical and epidemiological investigation must 
still play a very important part in connexion with the typhus fevers, 
though it is certain that fuller knowledge of their experimental char- 
acters will eventually solve the remaining problems connected with 
them. 

2.~EPIDEMIC OR LOUSE-BORNE TYPHUS FEVER 

{Synonyms . — Typhus fever; typhus exanthematicus; camp fever; jail 
fever; famine fever) 

(1) — ^Definition and History 

1559.] Louse-typhus is an epidemic continued fever caused by a rickettsia 
body, Rickettsia prowa^eki, which is conveyed from man to man by 
human lice. 

Epidemic typhus fever is a disease of great antiquity; some of the cases Earliest 
of epidemic fever described by Hippocrates were undoubtedly typhus. 

The earliest clear account of the disease was written in 1546 by Fracas- 
torius who described a Tebris pestilens’ which prevailed in Italy in 1508 
and 1528 and on each occasion followed a great famine. Since that time 
there have been many accounts of great epidemics of the disease in 
Europe and the British Isles, chiefly in times of famine. Numerous 
outbreaks have been described in military camps, jails, ships, and law 
courts. In some epidemics a large proportion of the population of the 
affected areas suffered from the disease. Although some of the accounts 
of epidemics are vivid descriptions of typhus, others are ambiguous 
because of the coexistence of typhoid fever, relapsing fever, or plague 
which were not differentiated from typhus till about a hundred years 
ago. 

The name typhus came into use about 1800; until then the disease had Nomenclature 
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passed under many different names; Murchison (1873) gave a list of 
about 100 synonyms. Some of the names indicated the contagiousness 
of the disease, others its epidemic nature or its prevalence in camps, 
prisons, hospitals, ships, or in time of famine. Many of the titles 
referred to the eruption or to the "malignancy’ and 'putridity’ of the 
disease. Since 1837, when Stiile and Gerhard independently showed 
that typhoid fever was a separate disease, the names typhus fever and 
typhus exanthematicus have been almost universally adopted. 

In 1844 Henderson differentiated relapsing fever from typhus. In 1862 
Murchison emphasized the contagiousness of the disease, but believed 
that the disease was caused by a poison generated from time to time 
de novo in the exhalations of living human beings by overcrowding and 
bad ventilation. In 1868 Hallier of Jena claimed to have cultivated the 
'contagion’ on the cut surface of a lemon on which he had smeared 
the blood from a typhus patient. The growth which he obtained was a 
fungus, Rhizopus nigricans. The interest of this experiment was that it 
showed how^ some observers, even then, were groping for the parasite 
of the disease. 

In 1909 C. NicoUe produced the disease in a chimpanzee by sub- 
cutaneous inoculation of blood from a patient, and in the same year he, 
with Comte and Conseil, transmitted the disease to monkeys by the 
bites of lice which had fed on an infected chimpanzee. In 1910 Ricketts 
and Wilder described pleomorphic organisms in. the bodies of infected 
lice; these organisms were studied later by Prowazek and da Rocha- 
Lima (1916), and were accurately described by the latter who called 
them Rickettsia prcwazeki. 

In 1910 W. J. Wilson found that certain bacteria of the coU group 
w^hich he had isolated from typhus patients were agglutinated by highly 
diluted sera of patients with the disease, but he disclaimed any sugges- 
tion that the serum response proved the bacteria to be the cause of the 
disease. 

In 1916 Weil and Felix, using a different organism {Bacillus proteus 
X 19) which had also been isolated from typhus patients, worked out 
the test known by their names. The name "Wilson- Weil-Felix’ would 
seem a more appropriate title as the principle on which the reaction 
is based was first discovered by Wilson. 

(2) — ^Aetiology 

The geographical distribution is much the same as that of relapsing 
fever except that epidemic typhus does not so readily establish itself in 
tropical countries (see Plate IX). Over large areas in India and tropical 
Africa great epidemics of relapsing fever have occurred, but louse- 
borne typhus has not been recorded. The distribution of the disease is 
much more restricted than formerly; most of the countries of Western 
Europe and the United States, which were formerly visited by frequent 
epidemics, are now entirely free from epidemic typhus. The disease is 
liable to become epidemic in any country which has a louse-infested 
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population and a fairly long cool season. Epidemics have occurred 
during recent years in eastern Europe, especially in Poland, Russia, 

Ukraine, and Rumania. In Africa, Egypt, South Africa, Algeria, 

Morocco, and Tunis have had severe outbreaks; in Asia, Siberia, Corea, 

Manchuria, northern China, and Asia Minor have had outbreaks; in 
America, Mexico, Bolivia, and Peru have reported numerous cases. 

Lesser outbreaks have occurred in many subtropical and temperate 
regions. During and after the War 1914-18 extensive epidemics ravaged 
most of the countries of eastern Europe. 

Most of the cases in the northern hemisphere occur between October Seasonal 
and June; the disease usually dies dowm during the hot season when 
louse infestation is low and the opportunities for transmission of the 
virus are relatively few. 

Both sexes and all ages are equally susceptible, although children may Age and sex 
seem to be immune because in them the disease is mild. incidence 

(3) — ^Bacteriology and Morbid Anatomy 

The virus is now generally accepted as Rickettsia prowazeki; it is Causal 
conveyed from man to man by the human louse, Pediculus humanus, 
especially the body louse, P. humanus corporis^ which seems to be a 
more effective vector than P. humanus capitis. The virus is present in 
the blood and organs during the acute stages of the disease, and to a 
lesser extent during convalescence, but it soon ceases to be transmissible 
by lice even though it is believed to persist for long periods in the 
bodies of persons who have suffered from the disease. 

Lice which have fed on infected persons are incapable of convey- Cycle in the 
ing the disease by their bites for 8 to 10 days, but thereafter remain 
infective for the rest of their lives. The rickettsia bodies multiply 
exceedingly in the epithelial cells of the mid-gut of the infected louse. 

It is doubtful if lice are able to transmit the virus to their offspring. 

The maintenance of infection during periods between epidemics is 
probably by means of mild ‘inapparent’ attacks, especially in children. 

Rickettsia bodies are also found in small numbers in the endothelial 
cells of the small blood-vessels of persons who have died of the disease. 

They are pleomorphic, resembling small bacteria or cocci, stain with 
Giemsa's stain, and are Gram-negative. They do not grow on ordinary 
media but multiply rapidly in tissue cultures and in live chick-embryos. 

Monkeys are susceptible to the virus, so also are guinea-pigs in which Susceptibility 
the virus can be maintained for many generations though the disease 
is mild and scrotal reactions are absent or slight unless the animals have 
been devitalized in some way. The virus cannot be maintained in rats 
for more than two or three generations although rats are very susceptible 
to most of the strains of Rickettsia found in the non-epidemic forms of 
typhus. 

Some workers believe that the rickettsia bodies are developmental Relation to 
stages in the life history of Proteus X 19, but this view is not generally 
accepted despite the apparent specificity of the Weil-Felix reaction. 
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European workers have failed to transmit the virus by any vector 
other than the human louse and have been unable to discover infection 
in rats or other animals during epidemics. Some experts believe that 
the virus of the epidemic typhus of Mexico and Manchuria can also 
be conveyed by fleas from man to rats and from rats to man, but in 
the rest of the world the evidence points strongly to the louse as the 
sole vector. Lice are believed to convey infection either directly by 
their bites or by depositing infected faeces on the skin; in the latter 
event the virus would enter the body through the wound made by the 
insect in biting or more probably through an abrasion. Several workers 
have died of typhus contracted in the course of their experiments with 
infected lice. 

One attack confers immunity, but this gradually wears off and second 
attacks after intervals of a few years have been recorded; these are 
usually milder than first attacks. According to some workers the 
immunity consists of ‘premunization’ due to the persistence of the 
virus in the body for long periods after the attack. 

The characteristic lesions are minute nodules in the walls of the small 
blood-vessels of the brain, kidneys, and other organs, consisting of 
collections of mononuclear leucocytes and more or less necrosed 
endothelial cells of the blood-vessels. This necrosis of the blood-vessels 
is believed to be the cause of the haemorrhages which occur in severe 
cases. 

(4) — Clinical Picture and Course 

Epidemic typhus varies in severity from mild ‘inapparenf attacks to 
severe and rapidly fatal forms. The incubation period is usually from 
8 to 14 days, the extremes being 4 and 20 days. It tends to be longer 
in mild attacks and shorter in severe cases. 

The onset is usually rapid or sudden, with chills or rigors and frontal 
headache. Pains in the back and limbs are common. Vomiting occurs 
in 25 to 50 per cent of the cases. The symptoms steadily increase with 
the rise of the temperature to its maximum of 102 to lOfi"" F. which is 
reached within 36 to 48 hours as a rule. After 3 or 4 days the face 
becomes dusky and flushed and the conjunctivae are injected. Insomnia 
occurs in 50 per cent of cases and may be accompanied by slight 
delirium. A dry cough is common at this stage. The onset differs chiefly 
from that of enteric fever in its greater rapidity and in the earlier 
appearance of nervous symptoms. By the end of the fourth or fifth 
day the patient may already be in the ‘typhoid state’. 

In most cases the rash appears on the fourth or fifth day but it may be 
delayed till the sixth or seventh. Small rose-red papules or macules are 
first seen on the sides of the chest, soon spreading to the rest of the 
trunk and to the limbs. The spots are numerous, fade on pressure at 
first, hut soon become deep red and then brownish and cease to dis- 
appear on pressure. In severe cases the spots often have a haemorrhagic 
point at their centre surrounded by a brown mottling. By the tenth to 
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the twelfth day the spots begin to fade, leaving a brownish discoloration 
which may persist for some days or even for two weeks. The eruption 
varies greatly in appearance. In mild cases, especially in pigmented 
skins, it may be difficult to detect, even on careful examination; in 
severe cases groups of haemorrhagic spots may coalesce to form 
purpuric patches. A point of diagnostic importance is that the spots 
seldom appear on the face, palms, or soles. 

Some of the many types of temperature curve are shown in Fig. 22. Temperature 
The commonest type shows a rapid rise follow’ed by a period of com 



Fig. 22. — Temperature charts in louse-typhus. (This and Fig. 23 from 
Tropical Diseases, by Rogers, L,, and Megaw, J.) 


tinned fever lasting about a week in which there may be remissions of 
two or even three degrees. By the tenth to the thirteenth day the 
temperature begins to fall by crisis or rapid lysis. The total duration 
of the fever is usually 12 to 16 days, but in very mild cases it may be as 
short as a week and in these cases the fever may be deeply remittent 
or even intermittent. 

The pulse is rapid at first but soon becomes slower than would be Circulatory 
expected from the height of the temperature. A low blood-pressure 
and tendency to heart failure are important features, not only towards 
the end of the febrile period but also during early convalescence. A 
moderate degree of leucocytosis is usual, but there may be leucopenia. 
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The red blood-celis may exceed five millions per cubic millimetre and 
the haemoglobin may exceed lOO per cent. The spleen is palpable in 
about 25 per cent of cases. 

The tongue is coated and often dry; sordes appear on the lips and teeth. 
Constipation is usual but there may be diarrhoea especially towards the 
crisis, ‘critical diarrhoea’. Tympanites is not so common as in enteric 
fever. Apart from occasional febrile albuminuria the kidneys are little 
affected in mild cases, but in fulminant cases there may be severe 
haemorrhagic nephritis. Early frontal headache is often followed by 
delirium which may be of the low muttering type or noisy and violent. 
Insomnia, apathy, and drowsiness are common and may appear within 
the first twm or three days. Slight bronchitis often occurs and broncho- 
pneumonia is one of the common causes of death. 

Thrombosis of the femoral vein is an occasional complication. 
Gangrene of the toes has been reported in 1 to 4 per cent of the cases. 
Parotitis occurs in 2 to 4 percent of cases and is sometimes suppurative. 
Bed-sores are common in. severe cases when the nursing arrangements 
are bad. 

(5) — ^Prognosis 

The death-rate varies greatly in different epidemics. In an average 
tyi^e of outbreak affecting people of all ages the mortality ranges from 
10 to 20 per cent, but in virulent outbreaks, among famine-stricken 
people, it may be 50 per cent or higher. In fatal cases death usually 
occurs from the eighth to the fifteenth day, and more patients die on 
the eleventh day than on any other. Age is a very important factor; for 
example in an epidemic with a total mortality of 15 per cent the death- 
rates at various ages will be approximately: under 5 years 5 per cent, 
between 5 and 10 years 4 per cent, between 10 and 20 years 3*5 per cent, 
and between 20 and 30 years 10 per cent; from the age of 30 it rises 
progressively so that by the age of 60 it may be 50 per cent and it reaches 
70 or 80 per cent in patients over 65. The early appearance of delirium 
or stupor, a haemorrhagic eruption or other haemorrhages, broncho- 
pneumonia, and thrombosis of the large veins are unfavourable 
features. 

(6) — ^Diagnosis and DijHerential Diagnosis 

During an established epidemic there will seldom be any difBiculty in 
diagnosis, but the earliest cases are often overlooked. All cases of fever 
with sudden onset occurring in a louse-infested community should be 
regarded with suspicion and treated as cases of typhus until the cause 
of the fever has been satisfactorily explained or until typhus can be 
excluded. Before the appearance of the rash there is no criterion by 
which a definite diagnosis can be made but it is most important that 
suspicion should be aroused at the earliest possible moment so that 
steps may be taken to prevent the spread of infection. The presence of 
lice and the history of contact with other cases are important evidence. 
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The Weil-Felix test is of great value but it may not be positive till Weil-Felix 
about the tenth day. The test, however, should be carried out as early 
as possible as a rise in the titre of the reaction is a valuable indication; 
for example a titre which rises from 1 in 20 to 1 in 100 is far more 
significant than one which remains constantly at the level of 1 in 100. 

A reliable 0 strain of Proteus X\9 must be used, and reactions of less 
than 1 in 200 should not be regarded as diagnostic unless the titre of the 
response has risen greatly from the onset. By the twelfth to the sixteenth 
day or so the reaction will often have become positive in dilutions 
of 1 in 1,000 or more. During convalescence the response gradually 
becomes more feeble, so that the reaction may be negative in the third 
or fourth week of convalescence. 

Flea-borne typhus may resemble mild epidemic typhus so closely that Diagnosis 
a differential diagnosis may be impossible unless the epidemiological 
features of the case give a clear indication. Not only may the symptoms typhus 
be the same, but the Weil-Felix reaction also gives the same results in 
both cases. Evidence of contact with other cases of epidemic typhus 
may clear up the difficulty, but doubtful cases should be assumed to be 
louse-borne typhus and suitable precautions taken. 

Tick-typhus may also be very like louse-typhus, but the character of From 
the rash and its distribution are different; the circumstances usually 
leave no doubt, as tick-typhus is essentially a disease of the open country 
and louse infestation is usually absent. 

From enteric fever the diagnosis is by blood-culture, the characters of From enteric 
the rash, and the serum-reactions. A source of error is that in persons 
who have been inoculated with T.A.B. vaccine the titre of the Widal 
reaction often rises steadily even in cases of typhus fever. 

(7) — Treatment 

Preventive 

This is on exactly the same lines as in louse-borne relapsing fever (see 
Vol. X, p. 591). Thorough delousing of all patients and contacts invari- 
ably proves successful in stamping out the disease. Preventive inocula- Vaccine 
tion by several different methods has been employed on a large scale. 

Weigl thoroughly tested a method which involves the cultivation of WeigPs 
the virus in lice. He worked out an ingenious method of inoculating the 
insects per rectum by the introduction of capillary tubes containing the 
virus. By feeding the insects on blood introduced in the same way large 
quantities of rickettsia bodies are obtained. The mid-guts of the infected 
lice are separated and emulsified in a weak carbolic acid solution. This 
killed vaccine has considerable protective power but is expensive and 
not obtainable on the open market. The method is specially valuable in 
the protection of research workers, doctors, and attendants on the sick. 

Blanc vaccinated many thousand persons in French Morocco with the BlanPs 
live virus of flea-borne ‘murine typhus’. Guinea-pigs are inoculated 
with this virus and killed after the full development of the infection; 
their organs are emulsified and treated with ox bile to attenuate the 
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vims. From a single guinea-pig one thousand doses of live attenuated 
vaccine can be obtained; this must be used at once for mass inoculation. 
Excellent results have been obtained, but rather severe reactions follow 
in a considerable proportion of European subjects though in very few 
of the indigenous population. As a few fatalities have been reported, 
the method cannot be regarded as free from risk. The vaccine appears to 
produce a mild, usually inapparent, attack of flea-borne typhus which 
protects against the closely related virus of louse-borne typhus. 

Several other methods of protective inoculation have been tried but 
are not yet available for general use. Delousing must still be considered 
the best and safest method of prevention. 

CuraTive 

There is no reliable specific treatment for epidemic typhus fever. The 
serum of convalescents has been used in doses of 20 to 50 c.c. sub- 
cutaneously, with some degree of success, but great care is needed in 
the selection of a donor lest the cure should be worse than the disease. 
Some work has been done on the preparation of a curative serum from 
animals, but this has not yet reached the stage at which the treatment is 
available for general use. 

The important points in treatment are complete rest in a well ventilated 
room, light nourishing diet, plenty of water to drink, and careful 
nursing. Otherwise the treatment is symptomatic. Morphine and small 
doses of brandy are considered useful by some physicians who have 
great experience of the disease. 

It is very important that the patient should be thoroughly deloused 
at the earliest possible moment, and that his clothing and bedding 
should be disinfected. In many cases in which these precautions have 
not been taken, doctors, nurses, and other attendants have become 
infected and many valuable lives thus lost. 

(8) — ^Brill’s Disease 

This is a mild form of typhus about which there has been much 
controversy since it was first described by Brill of New York in 1898. 
Brill recognized the resemblance of the disease to mild forms of classical 
typhus, but as the disease was strictly sporadic and was never com- 
municated from man to man he concluded that it was a new and 
different disease. In 1912 it was found that inoculation with the virus 
of this disease protected animals against the virus of epidemic typhus 
and so it came to be regarded as an inter-epidemic form of epidemic 
t>T)hus. In 1926 Maxcy suggested that the disease was conveyed by 
fleas and when Nicolle in 1933 described 'typhus murin' as a flea-borne 
form of typhus it was naturally assumed that Brilfs disease was of 
the same nature, and it came to be regarded as a form of ^endemic’ or 
flea-borne ty'phus. 

Zinsser showed that the virus of Brilfs disease is essentially the same 
as that of epidemic typhus and that nearly all the attacks occurred 
in persons who had originally come from some European country in 
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which epidemic typhus was common. It is therefore impossible to doubt 
that the disease is a late recrudescence of an old attack of epidemic 
typhus, the virus having persisted in the bodies of the patients for 
indefinite periods, often ten to twenty years or more. Although 500 
cases have occurred in New York alone since 1910 there has been no 
case in which the infection has been communicated to other persons 
so that the virus must have lost its power to infect lice. 

The name Brill’s disease should be restricted to late recrudescences Definition 
of attacks of epidemic louse-borne typhus and should not be used as a 
synonym for flea-borne ‘endemic’ typhus. From the point of view^ of Resemblance 
the practitioner there is little difference between Brill’s disease and 
flea-borne typhus; both are mild diseases and both are incapable of 
being transmitted directly from man to man by lice. Brill’s disease 
must often occur in countries where epidemic typhus is common as 
there is no reason to believe that late recrudescences of louse-typhus 
are restricted to immigrants to the U.S.A. 

3 “NON-EPIDEMIC OR EPIZOOTIC TYPHUS FEVERS 

1560.] These are primarily diseases of animals and are only incidentally 
conveyed to man by ticks, mites, and fleas. The table on pages 327 
and 328 shows the relation of these diseases to epidemic typhus. 

(1) — Flea-Typhus 

(Synotty ms— Murine typhus; endemic typhus; urban tropical typhus; 
shop typhus; X 19 tropical typhus; Hone’s disease; ship typhus) 

(a) Definition and History 

The disease is one of the non-epidemic typhus fevers and is caused 
by Rickettsia mooseri (more suitably named R. miirina). The virus is 
conveyed to man from infected rats or other rodents by fleas (Xenopsylla 
cheap is). 

In 1926 Maxey suggested that the sporadic typhus-like fever of North History 
America was conveyed by fleas from infected rats to man. In 1931 
Dyer and others conveyed infection from rats caught in infected areas 
to guinea-pigs by rat-fleas. In 1933 Nicolle described typhus murin, a 
fever occurring in French warships in the Mediterranean, and held 
that the infection was conveyed from infected rats to man by rat-fleas. 

Although the disease has been so recently identified it has already been 
found to be endemic in many parts of the world. Several diseases which 
had been previously described as fevers of unknown aetiology are now 
known to be flea-bome typhus; these include the urban form of tropical 
typhus, the endemic typhus of North America, and Hone’s disease. 

The name ‘flea-typhus’ is suggested as being preferable to ‘murine Nomenclature 
typhus’ or ‘endemic typhus’; all the non-epidemic typhus fevers are 
endemic diseases, and mite-typhus is also murine. The only objection 
that can be raised to the name ‘flea-typhus’ is that it may be regarded 
as implying that the virus can never in any circumstances be conveyed 
E.M. VOL. xn 2: 
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in other ways than by the flea. So long as it is understood that no dog- 
matic assertion of this kind is involved in the use of the name it seems 
to be the most appropriate yet suggested. 

(b) Aetiology 

The disease is endemic in many countries all over the w^orld (see 
Plate IX). The best known foci are in the countries round the Mediter- 
ranean, the eastern States of the U.S.A., South Africa, the Malay 
Peninsula, the Dutch East Indies, Mexico, and Manchuria. Other foci 
are known to exist in South America, Russia, Australia, India, and 
elsewhere and it is probable that the distribution of the disease will be 
found to be almost w’orld-wide. 

(c) Bacteriology and Morbid Anatomy 

The disease is primarily an epizootic of rats and mice, possibly also 
of other rodents. Its cause is Rickettsia maoseri, which is very closely 
related to R. prowazeki. The virus is conveyed from rat to rat and 
from rat to man by Xenopsylla cheopis, possibly also by other fleas. 

In localities in which the disease occurs it is usually found that a 
number of rats harbour the virus. The virus differs from that of epidemic 
typhus in causing a mild disease which is not communicable from 
man to man by lice, and in causing a disease in rats which is com- 
municable to other rats and to man by rat-fleas. The virus diiffers from 
R. prowazeki in certain other experimental features but it is similar in 
the serological response. Some workers believe that R. murina is the 
ancestral form of R. prowazeki which for unknown reasons has become 
modified and capable of being transmitted from man to man by lice. 
Nicolle, on the other hand, regarded the louse virus as the ancestral 
strain. One important difficulty remains to be cleared up; Mooser and 
others hold that the typhus of Mexico (tabardilloi) and the typhus of 
Manchuria are capable of being conveyed by both fleas and lice, but flea- 
borne typhus in all other parts of the world behaves consistently as a 
purely non-epidemic disease which is not communicable from man to man 
and is essentially epizootic. Some workers believe that the infection is 
often, or even usually, conveyed from rats to man by direct contact with 
rats or by ingestion of food contaminated by the infected urine of rats. 
Little is known of the morbid changes in human tissues as the disease 
is rarely fatal in man, but the lesions in infected animals are very similar 
to those caused by R. prowazeki. 

(d) Clinical Picture 

This differs in no important respect from that of mild forms of epidemic 
typhus. The onset and course of the fever, the rash, and the Weil-Felix 
response are essentially similar though, as would be expected from the 
mildness of the fever, the rash is often faint and may be invisible in 
dark skins or even in Europeans. The severe manifestations which are 
common in louse-horne typhus occur only in the exceptionally virulent 
cases of Sea-borne typhus. 
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(e) Prognosis 

The mortality ranges from 0 to 4 per cent except in the case of the Mortality 
Mexican tabardillo in which it may be as high as 40 per cent, but the 
true nature of this disease is problematical. 

(/) Diagnosis and Differential Diagnosis 
The occurrence of mild sporadic typhus-like fevers in the absence of Diagnosis 
louse infestation should suggest at once one of the non-epidemic 
typhus fevers; if there is also a strongly positive Weil-Felix response to typhus fevers 
Proteus OX 19 and a negative response to OYK the probability of the 
disease being flea-typhus is greatly increased. The final differentiation 
from the other non-epidemic typhus fevers will depend partly on the 
character and distribution of the rash and on the epidemiological 
conditions in which the infection has been acquired, especially the 
presence of infected rats in the locality and the association of the patient 
with rats. Animal experiments may be helpful, but even experts often 
find it difficult to decide which of the viruses of non-epidemic fever is 
responsible for a particular case. 

There is no clinical criterion by which a diagnosis can be made between Fiym BriWs 
flea-typhus and Brill’s disease but, as the latter form of typhus is 
confined to persons who have lived in countries where epidemic typhus 
has occurred, difficulty seldom arises. Inoculation of rats will usually 
settle the question as they are very susceptible to flea-typhus and are 
resistant to the virus of Brill’s disease. 

(g) Treatment 

Rat destruction is the most important method of prophylaxis. Curative Preventive 
treatment is on the same lines as that of epidemic typhus, except that Curative 
when the diagnosis of flea-typhus has been established there is no need 
to take elaborate precautions to prevent the spread of infection to 
persons who come into contact with the patient or to institute general 
delousing of the population. In all cases of doubt, and in severe out- 
breaks of a problematic nature, such as tabardillo, strict precautions 
are essential. 

(2) — ^Tick-Typhus 

{Synonyms. — Spotted fever of the Rocky Mountains; Rocky Mountain 
fever of the Eastern type; fievre boutonneuse\ fievre eruptive', fievre ex- 
anthematique; MarseDles fever; Fievre escharo noularis; dothiendermie 
aigue; tick-bite fever; typhus of Sao Paulo; typhus of Minas Geraes; 

Indian tick-typhus) 

Probably several strains of virus are concerned in the causation of tick- Nomenclature 
home typhus in various parts of the world, but the clinical and epidemio- 
logical features of the different forms of the tick-borne disease have so 
much in common that they can best be dealt with as variants of one 
disease rather than as independent entities. More than twenty different 
names have been used to designate tick-borne typhus but, as all these 
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diseases belong to the typhus group and all are conveyed by ticks, it is 
appropriate to call them ‘tick-typhus’ and to indicate any variations in 
type which occur by some suitable additional name. The spotted fever 
of the Rocky Mountains was recognized long before any of the other 
forms; it has been very thoroughly investigated and can appropriately 
be regarded as the standard form of the disease. The other types can 
be most easily understood by considering the respects in which they 
differ from Rocky Mountain fever. 

(a) Rocky Mountain Tick-Typhus 

{Synonyms.—Spoittd fever of the Rocky Mountains; Rocky Mountain 
fever of the Eastern type) 

Definition This non-epidemic typhus fever is primarily a disease of lower animals, 
chiefly wild rodents. It is caused by Rickettsia rickettsi which is con- 
veyed from animals to man by several kinds of ticks of which the chief 
are Dermacentor andersoni, D, variabilis, and Haemophysalis leporis- 
palustrls. 

History The disease has been known for many years in certain areas in the 
Rocky Mountains. In 1904 Wilson and Chowning found that it was 
conveyed from its reservoir in wild rodents to man by ticks. In 1909 
Ricketts discovered the causal rickettsia bodies in infected ticks. The 
pathology of the disease was described by Wilson and Chowning in 1 902 
and was more completely worked out by Wolbach from 1918 to 1922. 
Other workers who have made important additions to the knowledge of 
the disease include R. R. Parker, R. R. Spencer, and W. W. King. The 
following description of the disease is largely based on the writings of 
R. R. Parker. 

Geographical Till recently the disease was regarded as restricted to the Rocky 
distribution Mountain and Pacific Coast States of the U.S.A. Later it was detected 
in Dakota and since 1931 has been reported from no less than 26 of the 
central and eastern States. Probably it occurs in nearly all the states of 
the U.S.A. (see Plate DC). It is essentially a place disease, the distribution 
of which depends on the presence of infected animals and ticks. In some 
areas it disappears for a number of years and reappears when conditions 
again become favourable to its occurrence. 

Sea^nal Iti the Rocky Mountains most of the cases occur in April and May 

distribution ^hen the vector ticks are most active; at higher altitudes and in the 

eastern States most of the cases occur in the summer. 

Epkkmialogy Most of the cases occur in out-door workers whose occupation brings 
them into association with ticks, but some cases have been observed in 
town-dwellers who have probably become infected by ticks which have 
been transported by dogs from endemic areas. 

Bacteriology and morbid anatomy 

The causal organism, K rickettsi, is closely related to R, prowazeki. 
Rodents are the usual reservoirs of infection but small carnivores may 
also be infected. 
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The virus is conveyed from animal to animal by larval or nymph ticks. Transmission 
Human beings become infected by the bites of infected ticks, usually 
adults, as the larvae and nymphs feed chiefly on smaller animals. The 
part played by large domestic animals and dogs is not clear, for although 
they are somewhat susceptible to infection it seems likely that their 
chief role is in bringing ticks which had already been infected into 
association with human beings. An important practical point is that 
the virus is inactive in ticks which have been starved for considerable 
periods and only becomes reactivated a few hours after the tick has had 
a blood feed either on man or some other animal. A strange feature of 
the disease is that naturally infected animals have never been discovered; 
presumably the virus rapidly disappears from infected animals, but 
during the short period in which it is present all the ticks on the animal 
become infected. 

In addition to hereditary transmission it has been proved that the virus Transmission 
can be transferred from one tick to another by copulation. In endemic 
areas only a small proportion of the tick population is infected, often 
less than 1 per cent and seldom more than 5 per cent. It has also been 
found that areas in which ticks are infected in one season may be 
entirely free from infected ticks in the next season. 

When a tick has fed on an infected animal it is incapable of conveying 
infection until about five days have elapsed. The virus gradually becomes 
greatly concentrated in the tick so that sometimes a single infected tick 
may contain no less than 15,000 infecting doses. When once the nymphs 
are infected they remain so for the rest of their lives and also transmit 
the infection to their offspring. 

The infection is usually conveyed to man by the bite of the tick, but Transmission 
the virus can penetrate the unbroken skin and in many recorded cases 
the disease was probably contracted by picking ticks off dogs or other 
animals. In this event the virus may possibly enter through the con- 
junctiva which becomes infected by contact with the fingers. 

The rickettsia bodies are found in enormous numbers in infected The virus 
ticks and in much smaller numbers in the tissues of men and infected 
animals. The lesions caused by R. rickettsi are of the same kind as 
those caused by R. prowazeki and the appearance and cultural char- 
acters of the two kinds of rickettsiae are very similar. The chief difier- 
ences are: (i) R. rickettsi invades the nuclei of infected cells whereas 
R. prowazeki is confined to the cytoplasm, and (ii) R. rickettsi causes a 
much more severe disease in guinea-pigs and rabbits in which there is 
usually a pronounced inflammation of the scrotum (‘scrotal reaction’). 

This difference is by no means absolute as blood taken from mild 
cases may not cause a scrotal reaction in guinea-pigs. Most animals 
are susceptible but in the larger domestic animals the disease is often 
‘inapparent’. 

In all essential respects the morbid anatomy is very similar to that of Morbid 
epidemic typhus. anatomy 
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Clinical picture and course 
The general features of the disease are remarkably similar to those 
of epidemic typhus. The incubation period is from 2 to 14 days, being 
longer in mild than in severe cases. There is seldom any lesion at the 
site of the bite, and it may be impossible to find any evidence that a 
tick has bitten the patient. Occasionally there is enlargement of the 
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Fig. 23, — ^Temperature charts in tick-typhus and mite-t 3 ^hus 

lymph glands associated with the site of the bite and rarely there may 
be a small necrotic area where the tick was attached. Attacks of the 
usual type have the following features. There may be prodromal 
symptoms for a day or two before the onset, which is sudden with 
frontal and occipital headache, lumbar pain, and malaise. Other 
symptoms which may occur at the onset are chills, sweating, con- 
junctival injection, pains all over the body, epistaxis, nausea, and 
vomiting. The temperature rises rapidly to 103° or 104° F., the maximum 
being reached within three days (see Fig. 23). During this time the 
symptoms are steadily increasiiig in severity; the face is becoming dusky 
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and the eyes are assuming a hea\^^ look. In severe cases the pulse soon 
becomes feeble and rapid but usually it is slower than would be expected 
from the height of the temperature. Enlargement of the spleen, cyanosis, 
and a peculiar odour are early symptoms in some cases, especially in 
virulent attacks. 

The rash appears from the third to the sixth day, usually on the Rash 
third or fourth. It is first seen on the wrists and ankles and extends 
rapidly all over the body including the palms, soles, and face. The spots 
are macules or papules which are rose-red and fade on pressure at 
first; but they soon become dark and cease to fade on pressure. The 
spots are sometimes large and scanty, sometimes small and abundant; 
in the latter case the outlook is less favourable. When the spots darken 
rapidly or become haemorrhagic the attack is likely to be severe. 

The course of the fever varies; usually the temperature reaches the Course of the 
maximum in three days and then remains high for about a week; it 
falls by rapid lysis, reaching normal in four or five days, but sometimes 
six to eight days elapse before it becomes normal. The total duration 
of the fever is usually two or three weeks. Moderate remissions often 
occur throughout the febrile period but are more pronounced during 
and just before the lysis. Restlessness and insomnia are usual and there Nervous 
may be stupor or delirium. Coma, convulsions, ankle-clonus, Babinski’s 
sign, and Kernig’s sign may be observed in some cases. The tongue is Alimentary 
coated but red at the edges; constipation is usual but diarrhoea may 
occur in severe cases, and so may jaundice and enlargement of the 
liver. The urine is scanty and albuminous in severe cases. There is Urifie 
usually a moderate leucocytosis; total white-cell counts above 20,000 
have been seen but generally the leucocyte count is not more than Blood 
15,000. There may even be leucopenia; there is usually a relative increase 
in the lymphocytes. 

The most common complications are bronchitis, pneumonia, phlebitis, Complications 
and haemorrhages from the nose, kidneys, and intestines. Iritis and 
nephritis may occur. Convalescence is usually slow even after relatively 
mild attacks. 

The following clinical forms occur: (i) mild ambulatory cases lasting Clinical 
one or two weeks with low remittent or continued fever and a scanty 
rash; (ii) abortive attacks with sudden onset and rapid rise of tempera- 
ture to 103° or 104° F., an increased pulse-rate, and a fleeting rash; the 
symptoms rapidly subside and the attack is over in less than a week; 

(iii) typical attacks described above, much the commonest form; and 

(iv) fulminating attacks proving fatal in three to six days, sometimes 
before there has been time for the rash to appear, but there may be a 
haemorrhagic rash. The nervous symptoms are severe from the outset 
and the pulse is very rapid. 

The severity of the disease varies greatly in different localities. The Prognosis 
mortality may be many times higher in one place than in another only 
a few miles away. Even in the same locality the mortality may be low 
in one year and high in the next. The death-rate may be as low as 5 per 
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cent or as high as 50 per cent. The unfavourable features have already 
been mentioned. 


Diagnosis and differential diagnosis 


Weil-Felix 

test 


Animal tests 


Diagnosis 
from epidemic 
typhus 

From 

flea-bome 

typhus 


When the disease occurs in localities where it is known to exist 
mistakes are few, but judging from the extent to which the disease has 
escaped detection till recently in places where it is now known to be 
endemic the element of suspicion is obviously important to diagnosis. 
In places where other forms of typhus do not occur the Weil-Felhc 
test is of great value, but positive reactions in significant litres cannot 
be expected till towards the end of the fever. It is very important to 
have a reliable strain of Proteus OX 19 and to use freshly-drawn blood. 
According to Parker reactions in dilutions of less than 1 in 320 cannot 
be relied on, A steadily rising titre is specially significant. In some cases 
a positive reaction is not obtained till convalescence has set in. Some- 
times the reaction to Proteus OX K or OX 2 may occur in higher litres 
than the reaction to OX 19, and according to Felix the reaction in this 
and other forms of tick-typhus is only a group-reaction, whereas the 
reaction to OX 19 in louse-typhus and flea- typhus and the reaction to 
OX K1 in mite-typhus are truly specific; Felix considered that a proteus 
organism specific for tick-typhus might yet be found. 

Animal tests are not very helpful in mild cases as the scrotal reaction 
in guinea-pigs may be fleeting or absent. Immunity tests in animals 
demand expert knowledge and are not likely to help the practitioner 
owing to the time which is needed to obtain results. 

Diagnosis from epidemic typhus is usually easy owing to the sharp 
differences in the conditions in which infection occurs. The character 
and distribution of the rash is often helpful. When flea-typhus is also 
prevalent there may be considerable difficulty in distinguishing between 
mild cases of the tick-borne disease and average cases of the flea-borne 
disease. The table on pages 327 and 328 shows the general differences 
between this and the other forms of typhus. 


Treatment 

Preventive Areas known to be infected should obviously be avoided; if this is 
impossible, tick-proof clothing should be worn and the body should be 
carefully examined for ticks at intervals of five or six hours during the 
time of exposure to risk; attached ticks should be removed at once and 

Vaccine a drop of iodine solution should be applied to the spot, A vaccine has 
been prepared by making emulsions of heavily infected ticks in dilute 
carbolic acid. The vaccine gives complete protection against a virus of 
low virulence and reduces the severity of the disease in cases of infection 
with highly virulent strains of xickettsiae. 

Cmatife Curative treatment is on the same lines as in epidemic typhus, except 
that the elaborate precautions needed in connexion with the louse- 
borne disease are unnecessary. 
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(b) Typhus Fevers of Sao Paulo and Minas Geraes 

These may have a mortality of more than 70 per cent. The infection Vector 
is conveyed from rats or other rodents to man by a tick, Amblyomma 
cajennense, and the symptoms of both diseases correspond very closely 
to those of the more severe types of Rocky Mountain fever. 

Animals inoculated with the virus of the Sao Paulo fever are immune Cross 
to the virus of Rocky Mountain fever, but the virus of the Minas 
Geraes fever gives ambiguous results when tested against the Sao Paulo 
and Rocky Mountain viruses. 

(c) Fievre Boutonneuse 

This disease, which is also known as fievre exanthematique^ was first 
described by Conor and Bruch in Tunis in 1910 as ‘eruptive fever’. It is 
now known to be conveyed by a tick, Rhipicephalus sanguineus. Dogs Vector 
are strongly suspected of playing a part in the transmission of the disease 
as they often give a positive Weil-Felix reaction in places where the 
disease is endemic. Boutonneuse fever occurs in most countries round 
the Mediterranean (see Plate IX). 

The disease resembles the milder forms of Rocky Mountain typhus, Diagnosis 

the mortality being only 1 or 2 per cent. The points of difference between Rocky 
t o 11 /-x r^i * 11 1 i . Mountain 

the two diseases are as follows, (i) There is usually a local necrotic sore typhus 

at the site of the tick-bite (Aache noiP) in boutonneuse fever; this is 

uncommon in the Rocky Mountain fever, (ii) The rash of boutonneuse 

fever is more definitely nodular, (iii) Guinea-pigs and rats are not so 

susceptible to the virus of boutonneuse fever and seldom show the scrotal 

reaction, (iv) The chief distinction is that the virus of boutonneuse fever cross 

does not protect animals against the virus of Rocky Mountain fever, 

but on the other hand the virus of the Rocky Mountain fever seems 

to give some degree of protection against that of boutonneuse fever. 

Evidently boutonneuse fever is not identical with Rocky Mountain 

fever, but further research is needed to decide the exact relation between 

the two diseases. 

{d) Tick-Bite Fever of Kenya and South Africa 
These fevers resemble boutonneuse fever in most respects. There is 
usually a sore at the site of the tick bite; in experimental animals there 
is cross immunity between the South African virus and the boutonneuse 
virus. 

{e) Indian Tick-Typhus 

This form of tick-typhus is of interest as it was the first of the non- 
epidemic typhus-like fevers to be definitely classed as a member of the 
typhus group of fevers and also as being the first fever of that group, 
outside the Rocky Mountain area, in which there was clear evidence 
that a tick was the vector. 

In 1917 J. W. D. Megaw described a case of fever following a bite by History 
a tick in the Himalayan foot-hills which resembled Brill’s disease and the 
milder forms of Rocky Mountain fever; the vector tick was not available 
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for identificatioa, but he considered that it was probably either Rhipi- 
cephalus sanguineus or Hyalomma aegypticum. In 1921 he showed that a 
fever resembling the Rocky Mountain disease, and communicated from 
wild animals to man by ticks, was common in India and other parts of 
the world besides the Rocky Mountains. He proposed that this disease 
as well as the other ‘typhus-like fevers’ should be regarded as members 
of the typhus group of fevers and should be classified, provisionally, as 
‘tick-typhus’ and ‘mite-typhus’ and the classical typhus should be called 
‘louse-typhus’. In 1934 he emphasized the sharp distinction between 
louse-borne typhus and the others by dividing the typhus fevers into two 
main classes, ‘epidemic typhus’ and ‘the non-epidemic typhus fevers’, 
the latter class comprising ‘tick- typhus’, ‘mite-typhus’ and ‘flea-typhus’. 
The evidence of the existence of tick-typhus in India, though chiefly 
clinical and epidemiological, is convincing. It consists in the frequent 
occurrence of cases clinically indistinguishable from the Rocky Moun- 
tain fever in which ticks have often been found in situ at the onset of the 
fever. Although in most cases ticks have not been detected, these cases 
occuned in circumstances which made it highly probable that a tick 
had been the vector. Probably many of the cases which have been 
reported from India as tick-typhus before the discovery of flea-borne 
t>q)hus were cases of the latter disease or of mite-borne typhus. 

Boyd in 1935, dealing with 92 cases of sporadic typhus-like fevers 
occurring in soldiers in India in which complete agglutination tests were 
made, found that the serum response in 35 cases suggested mite-borne 
typhus, in 27 flea-typhus, and in 30 tick-typhus, though no direct 
evidence of the vector was obtained. In the cases which suggested tick- 
typhus the response was either strongly positive to Proteus OX 2 and 
slightly positive to OX 19 and OX K, or moderately positive to OX 19 
and slightly so to OX K and OX 2. 

The only respect in which Indian tick-typhus diff'ers significantly from 
the Rocky Mountain fever is the absence of obvious symptoms or 
scrotal reaction in the few guinea-pigs which have been inoculated. 
In this respect the Indian disease resembles boutonneuse fever, but in 
view of the absence of scrotal reaction in some exceptionally mild cases 
of Rocky Mountain fever this point cannot be regarded as conclusive 
evidence of a specific difference between the diseases. 

The average mortality of Indian tick-typhus is about 5 per cent, but 
fulminating cases sometimes occur in localities where the disease is 
normally mild. 

The differential diagnosis of Indian tick-typhus can usually be estab- 
lished by a history of exposure to the risk of tick-bite or of actual 
tick-bite: the type of rash, which is usually generalized and rather con- 
spicuous; and the Weil-Felix response, which usually indicates a group 
reaction rather than a specific reaction, though a high litre response 
to OX 19 cannot be regarded as excluding tick-typhus in view of the 
frequency with which this occurs in Rocky Mountain fever. Detailed 
experimental study of tick-typhus and the other non-epidemic forms of 



S.KEY 1560 ] NON-EPIDEMIC TYPHUS FEVERS 347 

typhus in India is much needed; the available evidence points strongly 
to the existence of all three types. 

(/) Dijferential Diagnosis of Tick-Typhus Fevers 
It is not yet possible to lay down clear rules by which the practitioner 
will be able in all cases to decide that a case of fever is tick-borne rather 
than fiea-borne or mite-borne. Usually the clinical, serological, and 
epidemiological features taken together will leave little doubt about 
the nature of the disease, but in areas where two or even three forms of 
non-epidemic typhus co-exist difficulties may arise. Mite-typhus seldom Diagnosis 
gives rise to difficulty; there are very few localities in which it co-exists 
with tick-typhus and as a rule the consistently high-titre response to 
OX K in all the local cases can be regarded as strong evidence that a 
mite is the vector. 

Flea-typhus is likely to cause difficulties, as it often co-exists with From 
tick-typhus; but as the latter disease is eminently associated with con- 
ditions of the open country, has a more conspicuous and generalized 
rash, and usually gives a group serum-reaction as opposed to the 
highly specific response to OX 19 which is seen in flea-typhus, there 
will usually be little room for doubt. Failure to find positive evidence 
of a bite by a tick does not exclude tick-typhus; often the tick detaches 
itself after feeding without leaving any trace of its bite. As a rule the 
conditions in which the patient has been living give a clue to the 
likelihood of tick-bite. 

Association with dogs, especially the removal of ticks from their Association 
. ... . with dogs 

bodies, is a point of importance, as some persons are believed to have 

become infected by the entrance of the virus through the skin or con- 
junctiva rather than by the actual bite of the tick. 

(3) — ^Mite-Typhus 

(Synonyms . — Japanese river fever; Tsutsugamushi; pseudo-typhoid of Deli; 
pseudo-typhus; Mossman fever; Queensland coastal fever; rural tropical 
typhus; scrub tropical typhus; Sumatra mite fever; endemic glandular 
fever) 

Mite-borne typhus fever is a well defined class of non-epidemic typhus 
fever though great variations occur in the severity of the disease and 
even in some of the symptoms. The classical form of the disease is 
the Japanese river fever which bears the same relation to mite-borne 
typhus fevers as does Rocky Mountain fever to the tick-borne. 

(a) Japanese River Fever 

(Synonym . — ^Tsutsugamushi) 

This is a non-epidemic or epizootic typhus fever caused by Rickettsia Definition 
tsutsugamushi. The virus is conveyed to man from rats or mice by the 
bite of the larva of a mite, Trombicula akamushi. In 1918 Kitashima 
and Miyajima showed that it was conveyed by the ‘red mite’. Between 
1922 and 1924 rickettsia or rickettsia-like bodies were described by 
Hayashi and Takeuchi, Ishiwara and Ogata, Sellards, and Nagayo. 
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The disease has been known for centuries in Japan though its close 
relation to historical typhus was only recently recogni 2 ed. It chiefly 
occurs along the banks of certain rivers on the main island of Japan 
but it is also found in Formosa, Sumatra, the Malay Peninsula, and 
China. Probably it also occurs in Queensland, India, Burma, and other 
oriental countries. The disease has not been recorded outside tropical 
and subtropical areas in the Orient and has a much more restricted 
distribution than the other forms of typhus (see Plate IX). 

The disease is primarily an epizootic of rats, mice, and possibly of 
other rodents. The causal Rickettsia, R. tsutsugamushi or R. orientalis, 
is conveyed from infected rats and mice by a larval mite, Trom- 
bicula akamushi. The accepted view is that the adult mites become 
infected by biting infected rats or mice and that the infected mites 
transmit the virus to their offspring which in the larval stage bite human 
beings and so convey the infection. The larval mites which are very 
small, only about inch in length, remain attached for several days 
and convey the virus by their bites. 

jR. tsutsugamushi is very similar in appearance and cultural characters 
to the other Rickettsiae of the typhus fevers. It is pathogenic to monkeys, 
but the results of inoculations into guinea-pigs and rats vary widely 
and cannot be relied on for the identification of the disease. In one 
respect the virus behaves consistently: infected human beings and 
animals almost uniformly give positive agglutination with Proteus 
OXTk and negative with OX 2 and OX 19. 

In the Japanese forms of the disease there is almost always a small 
necrotic sore which appears 3 or 4 days after the attachment of the 
mite to the skin, accompanied by lymphangitis and lymphadenitis of 
the associated lymph drainage area. The onset of the fever occurs 
from 5 to 14 days after the bite. The course of the fever and general 
symptoms are very similar to those of Rocky Mountain fever, but the 
common occurrence of the local sore, the infrequent extension of the 
rash to the palms and soles, and the greater frequency of leucopenia 
are distinguishing features. 


(b) Varieties of Mite-Typhus 

Pseudo-typhoid fever of Deli in Sumatra, which was first described 
by Schuffher and Wachsmuth in 1909, is now known to he a form of 
mite-borne typhus conveyed by Trombicula deliensis from infected rats. 
The virus is ve^ lethal to guinea-pigs and rats. The mortality is about 
5 per cent in the indigenous population but as high as 40 per cent in 
Europeans. 

Smtb typhus Scrub or rural form of tropical typhus, described by W. Fletcher in 
the Federated Malay States, has been found to be mite-typhus conveyed 
by T. deliensis. It was formerly supposed that there were two types 
of mite-bome typhus in the Federated Malay States, one, in which 
there was a local sore and lymphangitis, being tsutsugamushi, and the 
other, in which there were no local lesions, being regarded as a distinct 


Pseudch 
typhoid of 
Mi 
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disease. Lewthwaite and Savoor showed that the virus of both types 
is essentially similar, animals inoculated with the virus of one being 
completely immune to the virus of the other. The presence or absence 
of the local lesion therefore does not indicate specific differences in the 
virus. Mossman fever or coastal fever of Queensland is a mild form of Mossman 
mite-typhus conveyed from infected rats by a mite, Laelaps australmisls. 

There is no local sore, but lymphangitis and lymphadenitis are common. 

Workers in sugar-cane fields which are infested with rats and rat-mites 
are specially affected. 

The mite-fever of India is a problematic disease, the presence of which Mite-fever of 
in various parts of India is assumed from the occurrence of cases of 
non-epidemic typhus with a positive reaction to Proteus OX K and a 
negative reaction to the other Proteus organisms. 

(c) Diagnosis, Prognosis, and Treatment of the Mite-Typhus 
Fevers 

Diagnosis is easy in localities where the disease is known to be endemic Diagnosis 
especially if the local lesions occur, but in places where flea-typhus 
co-exists cases without local lesions may be diflScult to recognize. A 
strongly positive reaction to Proteus OX K.is greatly in favour of mite- 
typhus. 

There are great variations in the mortality. In the Japanese river fever Prognosis 
the death-rate ranges from 25 to 60 per cent. In Malaya it is from 10 
to 14 per cent; in Sumatra it is 5 per cent in natives and 40 per cent in 
Europeans; in Queensland it is only 1 per cent. 

There is no specific treatment, but convalescent serum would be Treatment 
expected to be effective. 
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1 -EMBRYOLOGY AND ANATOMY 

156L] The ■umbilicus, owing to the complex structures entering into its 
formation, may be the seat of most varied lesions, a complete under- 
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standing of which can be attained only by study of the embryology 
and anatomy of this and related structures. 

The early development of the embryo, its membranes, the yolk-sac, Embryology 
and body stalk is described in the article Placenta, Dev’ELOPMENT 
AND Diseases, VoL IX, p. 652. 

In an embryo measuring 0*7 mm., the amnion covers its dorsal Amnion 
surface, the yolk-sac lies ventrally, and the body stalk connects all Yolk-sac 
foetal structures with the placenta. A portion of the yolk-sac, namely, 
the allantois, projects into the body stalk. Allantois 

At this stage the umbilical cord is represented by its chief constituent, 
the body stalk. By the time the embryo reaches 2-5 mm. in length the 



Fig. 24. — Human embryo: sagittal section showing early stage in formation of 
umbilicus and related structures. A, allantois; C, chorion; E, embryo; H, heart; 

P, placenta; A.C., amniotic cavity; Y.S., yolk-sac; f.g., fore gut; h.g., hind gut; 
u.a., umbilical artery; u.v,, umbilical vein 

primitive cord has appeared and is composed of a narrowed portion 
of the yolk-sac, called the omphalo-mesenteric or vitelline duct, and Omphalo- 
the body stalk, both of which pass into the ventral surface of the 
embryo. The omphalo-mesenteric duct occupies the upper part of duct 
the cord and is surrounded by exocoelom; it communicates with the 
digestive tract. The lower part of the cord contains the right and left 
umbilical arteries, the umbilical vein, and the allantois. Certain 
authorities aver that the intra-abdominal portion of the allantois 
becomes the urachus and is connected with the apex of the urinary Urachus 
bladder. Begg denied this and stated that the urachus is simply the 
modified superior extremity of the bladder. The urachus at birth reaches 
to the umbilicus. After birth the bladder descends taking the urachus 
with it, so that the latter measures 5 cm. in length and its upper 
extremity is fully 10 cm. from the umbilicus. The omphalo-mesenteric 
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duct usually disappears early in foetal life bat is occasionally wholly 
or partially patent at birth. 

The superficial lymphatics draining the umbilicus pass in four direc- 
tions. From the upper half of the umbilicus they pass to the axillary 
lymph glands, and from the lower half to the superficial inguinal 
glands. Deep umbilical lymphatics drain chiefly upward and down- 
ward. Those from the upper umbilical region pass on each side of the 
falciform ligament of the Ever, pierce the diaphragm, and enter the 
mediastinal glands. The lower ones drain into the deep inguinal 
glands. There is an additional small lymph channel along the course of 
the round ligament of the liver, along which metastases from cancers 
of the stomach and gall-bladder reach the umbilicus. Umbihcal meta- 
stases in malignant conditions in the pelvis may be supposed to have 
reached the umbilicus by extension along the lymphatics following the 
course of the remnants of the obliterated umbilical arteries and urachus, 
i.e. retrograde, by permeation. 

In the interpretation of the clinical features of umbilical disorders 
due attention should always be paid to sex, age, mode of onset and 
course of the disease, and the state of other structures, as these factors 
may greatly affect diagnosis. 


2~INFECTIONS 

1562.] Inflammation of the umbilicus in infancy is well known but 
occurs less often since strict asepsis and routine care of the cord have 
been recognized as of the greatest importance. Before the era of asepsis 
epidemics of virulent omphalitis were common, and the mortality was 
high. Generally the organism responsible is the streptococcus, usually 
of the haemolytic variety. The staphylococcus, Bad, coli, pneumo- 
coccus, Fseudomonas pyocyaneus, and tetanus bacillus have also been 
isolated. 

In severe cases the umbilicus shows typical signs of inflammation. 
The child is fretful, febrile, and loses weight. The symptoms depend 
upon the organs affected, e.g. brain abscess or pneumonia may occur. 
There may be cellulitis, gangrene of the abdominal wall, septicaemia, 
and pyaemia. 

From the urnbilicus, infection spreads along the umbilical vein to 
the liver, multiple abscesses of which axe speedily followed by death. 
Nuclear jaundice (an extrapyramidal neurological syndrome), umbilical 
ery'sipelas, septic spondylitis, and occasionally peritonitis have been 
described as sequelae to infection. The commonest sequel to mild 
umbilical infection is the formation of exuberant granulation-tissue 
(see Tumours, p. 358), with delayed healing of the umbilical stump. 
The essential points in prophylaxis are strict asepsis when dividing 
the cord and the use of dry sterile or antiseptic dressings. When 
infection spreads beyond the limits of the umbilicus the prognosis is 
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grave, except perhaps in the case of erysipelas, and therapeutic measures 
are of little avail. 

Exuberant granulation-tissue is best treated by bathing the umbilical Curative 
stump with sanitas or dettol, and thereafter cauterizing with a silver 
nitrate stick. A sterile dressing should be applied. 

Sepsis in and around the umbilicus is seldom seen in adults but gener- Pyo- 
ally takes the form of pyo-umbilicus. When it does occur it presents 
certain important problems as there are usually co-existing morpho- 
logical defects, umbilical concretions, a tendency to chronicity, and 
a risk of serious comphcations. It may be due to fistulae, faecal or 
urinary, but is almost invariably associated with umbihcal concretions 
and foreign bodies, such as dirt, coal, hair-balls, fibres from clothing, 
and rarely seeds or maggots. A new growth may also be a causal factor. 

For treatment see pp. 356 and 357. Treatment 

Tetanus from umbilical infection is no longer common in civilized Tetanus 
countries but is encountered among primitive people (see p. 250). For 
the symptomatology and treatment see article Tetanus, p. 5. 

Montgomery stated that sixty-three cases of diphtheria of the umbilicus Diphtheria 
were on record, all in infants before the end of the third week. The 
infant appears healthy and is non-febrile. A diphtheritic membrane 
may be present. The prognosis is serious and a fatal termination is 
the rule unless the diagnosis is made early. A culture taken from the 
umbilicus is invaluable. Antitoxin should be administered in doubtful 
cases, and in all proven cases. (For dosage see Diphtheria, Vol. lY, 
p. 99.) 

The occurrence of syphilis of the umbilicus in the new-born has been Syphilis 
described. The ulcer is not unlike a chancre with a round sharply- 
limited edge and some induration. The diagnosis is proved by a positive 
Wassermann reaction, positive dark-ground examination of material 
from the umbilical lesions for spirochaetes, and the discovery of 
spirochaetes in sections of tissue. The prognosis is fair. For treatment 
see Syphilis, Vol. XI, pp. 592 and 622. 

Primary tuberculosis of the umbilical region is unknown. Babes Tuberculosis 
reported one case of umbilical tuberculosis in a patient with miliary 
genital tuberculosis. 


3.-DISCHARGES 

1563.] These may consist of mucus, blood, pus, contents of the small 
intestine, faeces, urine, or bile. The aetiological factors are described 
elsewhere (see above, and pp. 356 and 357). 


4.-ULCERS 

1564.] Simple septic, primary and secondary malignant, tuberculous, 
and syphilitic ulcers may be seen. (See above, and pp. 358 and 359.) 
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5.-FISTULA 

1565.] Fistula of the umbilicus may be congenital or acquired. The 
former is due to persistence of the omphalo-mesenteric duct or to 
incomplete descent of the bladder, practically never to a patent urachus 
(Begg). An acquired fistula is due to diseases of abdominal or pelvic 
organs. 

If the omphalo-mesenteric duct is patent and small, mucus or gas 
escapes, but when its lumen is large there is free discharge of faeces. 
When its inner end is closed, a blind fistula lined with mucous membrane 
and secreting mucus is found. Polypi are not uncommonly associated 
with this form of fistula, and instances of prolapse of the bowel through 
a patent omphalo-mesenteric duct are on record. When the bladder 
fails to descend, a urinary fistula is likely to arise; the urine may be 
discharged from the bladder directly, through the urachus, or after 
ascending pre-peritoneal permeation. In the acquired form any of the 
internal viscera may discharge its contents through the umbilicus, 
producing biliary, urinary, intestinal, or gastric fistula. Rarely, round- 
worms and tapeworms have escaped through the umbihcus or umbilical 
fistulae. 

The nature of the discharge is easily ascertained from physical and 
chemical tests. Probing may help, but radiological examination follow- 
ing the injection of barium sulphate or iodized oil invariably establishes 
the diagnosis. 

The treatment of choice in the congenital form is excision of the 
umbilicus and the fistulous tract. The stump in the ileum or in the 
bladder is inverted and buried. The treatment of the acquired form 
is complicated by the nature of the underlying visceral lesion (e.g. 
tuberculosis or tumours); and the surgeon must therefore be prepared 
to deal with each case on its own merits. 


6-CALCULUS, CONCRETION, AND 
CHOLESTEATOMA 

1566.] Umbilical concretions are more common in men than in women 
and usually occur between the second and sixth decades. The condition 
arises in a deep or stenosed umbilicus in which desquamated cells, 
hair, threads, and dust are readily retained to form the nucleus of a 
concretion. Sooner or later inflammatory changes and sepsis supervene 
with ultimately the formation of an abscess, recurrent abscesses, or 
the formation of sinuses. 

The signs and symptoms are those of inflammation and suppuration. 
The umbilical depression is distended with pus and with a concretion 
or caseous material. Although the usual sequel is pyo-umbilicus (see 
P* 355}, desquamative omphalitis with the accumulation of dehydrated 
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cornified plugs or cholesteatomatous masses has been described. Horns 
may be found. 

Diagnosis is based on the recognition of the type of umbilicus which Diagnosis 
predisposes to the formation of concretions, and the absence of faecal, 
urinary, or other forms of fistula. X-ray examination has been of 
value; some calculi are radio-opaque, and the injection of iodized oil 
or other radio-opaque substance shows a ‘filling defect’. 

Excision of the umbilicus during a quiescent phase is the only satis- Treatment 
factory treatment. Dilatation gives temporary relief and permits 
cleansing and dressing before operation. 


7.-FOREIGN BODIES 

These are described on page 355. 


8-HAEMORRHAGE 

1567.] Normally haemorrhage in the new-born is prevented by con- In infancy 
traction, retraction, and thrombosis, but haemorrhage may occur a 
few hours after birth. The time of greatest danger, however, according 
to Craig, is when the cord comes away. Predisposing causes are morbid 
states of the blood or blood-vessels, haemophilia, and infection, in- 
cluding syphilis. Males are more often affected than females. In the 
presence of hereditary defect or haemophilia the prognosis is extremely 
grave. Fortunately many infants recover spontaneously even after 
several haemorrhages. 

Pressure, and astringents, such as silver nitrate, tannic acid, or Treatment 
adrenaline hydrochloride solution, applied locally may be of value in 
slight cases. The insertion of a purse-string suture of catgut or silk 
has proved satisfactory in other instances. Experience has showm that 
blood transfusion is reliable and effective, the degree of haemorrhage 
determining the amount of blood transfused. For haemostasis 15 to 
25 c.c. of citrated blood are sufficient, but after severe haemorrhage 
150 to 250 c.c. will be required. The transfusion is given through either 
the median basihc vein or the superior sagittal sinus. If oozing persists 
a further transfusion should be given twelve to twenty-four hours later. 

Hunt emphasized the importance of ‘typing’ both donor and recipient, 
who must be of the same group. 

Several cases are on record of haemorrhage from the umbilicus but, After infancy 
as all these patients recovered after local treatment, the origin of the 
haemorrhage is conjectural. 


9-HERNIA 


For a full description of this condition see Vol. VI, p. 494. 
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lO-TUMOURS 

1568.] Simple and malignant tumours have been met with in this 
situation. Records of the following types appear in the literature: 
papilloma, granuloma, angioma, fibroadenoma, dermoid cyst, endo- 
metrioma, lipoma, carcinoma, and sarcoma. 

(1)— Benign 

Papilloma is a soft reddish warty protruding mass which may be 
sessile or attached to the umbilical depression by a pedicle. It is painless 
and may grow rapidly, bleed freely, and erroneously be regarded as 
carcinoma. It usually occurs in the uncleanly. Histologically its appear- 
ance is typical. It has been found in adults of both sexes and should 
not be confused with the polypi or granulomas in the new-born. It is 
treated by radical excision as it is liable to degenerate and become 
malignant. 

Granuloma is a simple form of tumour found soon after separation 
of the cord. It is a bright-red fungus-like tumour which bleeds easily, 
and may attain the size of a pea or bean and become infected; usually 
sessile, it may be pedunculated; its surface is formed by granulation- 
tissue and not by mucous membrane as in the case of entero-teratoma. 
The condition should be treated by excision or cauterization. 
Entero-teratoma or ‘polyp’ is a simple tumour closely resembling a 
granuloma. It is said to arise from distal remnants of the vitelline duct 
and to become visible after the cord is shed. It differs from granuloma 
in that it may persist for years and is covered with intestinal mucosa; 
otherwise its clinical and morbid features are similar. Astringents have 
no effect on this tumour, hence it should be excised. Ligation may be 
effective. 

Adenoma and fibroadenoma are rare and are not usually diagnosed 
before excision and subsequent histological examination. 

True dermoids are rare. Rock believed that they arise in a piece of 
attenuated umbilical scar which becomes buried in the deeper tissues 
of the umbilicus. Masses of sebaceous material and hairs, associated 
with concretions, have been regarded as ‘dermoids’. The cysts are 
seldom large and may break down and discharge a dirty grey foul- 
smelling material. The surrounding skin becomes red and discoloured. 
Excision is the appropriate treatment. 

An endometrioma (synonyms — endometriosis, endometrio-myoma, 
adenomyoma, adenomyosis) is a simple tumour composed of glandular 
tissue and stroma resembling the uterine mucosa. Such a tumour 
arising at the umbilicus is comparatively rare: it falls into the category 
of extra-uterine endometriomas. Records of cases were collected by 
Boggs. (For a full account see Endometriosis and Adenomyoma, 
VoL IV, pp. 561, 566.) 

Treatment is surgical. Total extirpation of the tumour with a margin 
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of healthy tissue is never followed by recurrence. Most umbilical 
endometriomas can be excised without opening the peritoneal cavity. 

(2) — Malignant 

Cancer of the umbilicus, whether primary or secondary, is rare Carcinoma 
(Wilcox and Greenblatt). Since structures in which cancer originates, 
namely, hair follicles and sweat and sebaceous glands, are almost 
absent, primary occurrence is limited. It may, however, arise in vestigial 
structures, e.g. the omphalo-mesenteric duct. Hence a few' cases of 
Paget’s disease of the skin and adenocarcinoma have been described. 

Irritation from an umbilical calculus has been knowm to produce 
carcinoma. 

Carcinomatous lesions may be summarized as follows. Primary: (i) Classification 
squamous epithelioma, and (ii) adenocarcinoma. Secondary: derived of carcinoma 
from stomach, gall-bladder, intestine, ovaries, uterus, and other abdom- 
inal organs. 

Carcinoma at the umbilicus should always suggest the possibility of a 
primary intra-abdominal lesion. Probably inguinal metastases in gastric 
carcinoma are due to secondary spread from the umbilicus. 

Primary lesions should be excised and the abdominal cavity explored. Treatment 
Radium or X-ray therapy may be employed. The extensive lymphatic 
network centred on the umbilicus makes eflfective treatment uncertain. 

Secondary carcinoma is at present untreatable. 

Only a few cases of sarcoma of the umbilicus are on record, and these Sarcoma 
many years ago. The tumour may be of the spindle-cell or round-cell 
type. Melanomas have been described. Such conditions are of little 
importance clinically. 

li.-CULLEN’S SIGN 

{Synonym . — The sign of Hofstatter and Hellendall) 

1569.] This rare sign consists of bluish discoloration of the skin in Definition 
the immediate vicinity of the umbilicus. The phenomenon was noted 
by Hofstatter, but Cullen was the first to recognize its significance 
and importance, when he described its occurrence in cases of Aetiology 
ruptured extra-uterine gestation. Fallis reviewed the subject of dis- "Grey 
coloration in acute pancreatitis. As a rule, however, in this condition 
the discoloration is yellow and generally called ‘Grey Turner’s sign’; acute 
furthermore it may appear in the flanks, developing many hours after P^^^oreatms 
the onset of the illness. Cullen’s sign has been noted by Gerrard in 
ante-partum rupture of a Caesarean scar, and by Goinard and Curtillet 
in traumatic haematoma of the retro-pubic space (cave of Retzius). 

Yellow discoloration at the umbilicus has been observed in rupture "HahteTs 
of the biliary passages; and cyanosis, widely distributed over the 
abdomen or even the limbs, may appear in acute haemorrhagic pan- 
creatitis. Such a condition is not infrequently referred to as ‘Halsted’s 
sign’. 
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The mode of production of Cullen’s sign has not as yet been satis- 
factorily explained. Stabler suggested that it might be due to a breach 
of continuity of the parietal peritoneum at the umbilicus, with leakage 
of blood or its derivatives into the subcutaneous tissues. Petfivalsky 
suggested a lymphatic basis, as there is a rich anastomosis between the 
lymphatics of the subcutaneous tissues and those of the peritoneum 
and subperitoneal tissues, and supported his view by experimental 
evidence. As the sign is rare, it would appear that an anatomical varia- 
tion of the structures of the umbilicus must be present. Clinically the 
sign should be regarded as an interesting phenomenon which is but 
rarely present in intraperitoneal haemorrhage but may occasionally be 
of diagnostic value in such cases. (See also Vol. V, p. 260.) 


12.-DEFECTIVE UMBILICAL SCAR 

1570.] On very rare occasions an attenuated umbilical scar may rupture, 
permitting escape of abdominal contents. Such a condition is essentially 
a surgical emergency and is treated on lines similar to those adopted 
in rupture of an abdominal wound. Pending operation the protruding 
viscus may be covered with moist sterile saline dressings and a sup- 
porting bandage or binder applied. 
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1-DEFINITION 

i_Synonyms. — ^Brucellosis; (in part) Malta fever, Mediterranean fever, 
melitensis fever, abortus fever) 

1571.] Undulant fever is an endemic and epidemic disease due to 
Brucella of several species, co mm only characterized by splenomegaly, 
leucopenia, secondary anaemia, and pyrexia often of long duration 
and tending to recur in febrile waves. 
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There is little doubt that nadulant fever has existed in the Mediterranean 
region from early times, but it was not until the middle of the 19th 
century that the disease was sorted out from the heterogeneous group 
of undifferentiated continued fevers. In 1860 Marston, a British army 
surgeon serving in Malta, wrote the first published account of undulant 
fever in which it is recognized and described as a clinical entity 
(Marston, 1861). From his experience in Malta, Marston suggested 
that the malady then called ‘gastric fever' in England, defined at the 
time as differing from both enteric fever and typhus, was a form of the 
disease which he had described in Malta. In support of this opinion 
he quoted some suggestive passages from an account of gastric fever 
by Anderson, then a professor of medicine in Glasgow. 

In 1886 Bruce isolated the causal organism now known as Brucella 
melitensis, and the researches of the Mediterranean Fever Commission, 
appointed in 1904, incriminated the goat as the original source of infec- 
tion. Br. abortus was differentiated by Bang in 1897, and Br. suis by 
Traum in 1914. 

Undulant fever, once believed to be restricted to the Mediterranean 
littoral, is now known to be so widely distributed in tropical, subtropical, 
and temperate countries that it can beclassified as a cosmopolitan disease. 

Of the three varieties which are of importance as affecting man, one, 
abortus fever, has been dealt with already (see Yol. I, p. 68). Br. suis 
infection is more localized in its distribution than the other varieties 
and is in general an occupational disease, affecting particularly slaugh- 
terers, packers, and other workers who may handle swine or their 
flesh. The male of these animals is more subject to infection than the 
female, and so in brucellosis of swine abortion has not the suggestive 
prominence which distinguishes the allied disease in cattle. Common 
signs of infection in swine are purulent inflammation of lymphatic 
glands, arthritis, and orchitis. Cattle may become infected by Br. suis 
and transmit the organism in their milk. In man, Br. suis infections have 
no constant clinical characters to differentiate them from other forms 
of undulant fever. On the whole the disease is not severe and latent 
infections are common. Exact diagnosis can be made only by laboratory 
investigations on the lines described later (see p. 373). 

For the purposes of this article, the term 'undulant fever’ without 
qualification should be taken to mean infection with Br. melitensis, not 
inappropriately as it was for this variety of the disease that Hughes 
originally proposed the name undulant fever. 


3-AETIOLOGY 


]l^€C^m of 


Brucella melitensis infection occurs as a natural disease of goats and 
sheep. It is sometimes acute and may cause abortion, but often the 
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affected animals show no clinical abnormality and the existence of 
infection is demonstrable only by laboratory investigation, such as 
the recovery of the organism from milk or urine, agglutination tests 
with blood serum or milk, and the reaction to intradermal injection 
of antigen. Cows kept in association with infected goats and sheep 
may also develop the infection, and although these animals do not 
suffer appreciably in health they may excrete the organism in the 
milk. 

Undulant fever in man is commonly contracted by consumption of Sources af 
infected milk, or milk products, such as butter, cheese, and ice-cream. 

The disease may also result from direct contact with infected animals 
or through working with manure. Other possible means of spread are 
by dust, soil, and water, in all of which the organism may survive for 
several weeks. Laboratory experience has proved that Br. melitensis 
can readily enter the system through abrasions of the skin or mucous 
membrane, so that infected discharges and fomites may communicate 
the disease in various ways. Infection has followed a prick with a con- 
taminated needle, and it is possible therefore that biting insects on 
occasion serve as mechanical vectors. In human subjects the organism Excretion of 
may be excreted in the urine, faeces, and milk, but not, so far as is 
known, in the saliva or sweat. 


4 -MORBID ANATOMY AND BACTERIOLOGY 


The disease has not any distinctive morbid anatomy, and diagnosis can Morbid 
be established at necropsy only by isolation of the causal organism. 

The spleen is enlarged and congested, the sinuses are distended with blood Spleen 
and lymphoid cells increased in number. The pulp is soft and friable 
and may even be diffluent. The average weight of the organ is about 
18 oz. but weights up to 60 oz. have been recorded. The liver is enlarged Liver 
and congested and shows a small-cell infiltration around the lobules. 

Patches of congestion are present in the intestine particularly in the Intestine 
duodenum, upper part of the jejunum, and large intestine, these 
inflammatory changes sometimes progressing to superficial ulceration 
of the mucosa. The mesenteric glands are enlarged and soft in con- Glands 
sistence. The kidneys share in the general febrile and toxic changes Kidneys 
found in the other abdominal organs. At necropsy Brucella is most Isolation of 
readily recovered from the spleen, liver, and mesenteric glands. organism 

Brucella melitensis {Micrococcus melitensis) is a small bacillus, OBp The organism 
to T2/X long and O-S/x to 0*7/x broad, with many coccoid forms. It is 
Gram-negative, non-motile, and does not ferment any sugar. Although 
Br. melitensis can grow slowly in ordinary media, its growth is increased Cultivation 
in the presence of glucose, blood, serum, or liver extract, and such 
additions are advisable for recovery of the organism. Continued cultiva- 
tion on artificial media tends to alter the antigenic structure of Brucella Rough forms 
thus producing rough variants, a divergence which at one time caused 
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! BUcli confusion and led to the description of so-called para strains. A 
' rough variant may agglutinate with a normal serum. 

Identif^atuv: Br. melitensis, Br. abortus, and Br. suis are closely related to one another 

oj types differentiated by absorption tests. It is often assumed that a 

Brucella isolated from man belongs to the particular species known to 
be prevalent locally, and although such an assumption may be correct 
it is desirable when possible to identify it with certainty. 

5.-CLINICAL PICTURE 

The period of incubation lies usually between six days and three weeks, 
with an average duration of about fifteen days. 

The symptoms of undulant fever vary widely in their nature, severity, 
and duration. At one end of the possible range the disease may occur 
as an intense toxaemia ending in death within a w^eek; and at the other 
the symptoms may be so mild that it is difficult to convince the patient 
that he has contracted a specific infection. Similar extremes are seen in 
other infective fevers, but in those diseases there is commonly recog- 
nizable some main and characteristic symptom-group on which the 
several departures from the normal course can be centred in an orderly 
fashion. But in undulant fever no case or series of cases can be sorted 
out and labelled as typical of the malady. It is, however, convenient 
and helpful to divide the disease into three main types as determined 
by certain outstanding clinical features; but such groups at the best are 
unfixed and ill-defined and, although the central members of each may 
be fairly constant in type, those towards the periphery overlap and 
intermingle in a confused medley. Further, the symptoms in an indi- 
vidual case may initially conform to those of one group and later take 
on a different character. 

(1)— Types 

Undulatory type 

Onset The attack generally begins insidiously so that the patient has diffi- 

Temperature culty in fixing the exact date of onset. The temperature ascends in 
step-ladder fashion with morning remissions of F. or more, and 
having reached its highest level at 102° or 103° F. it remains raised for 
a few days and then gradually falls by a step-ladder descent. In mild 
cases the temperature may now remain normal and convalescence 
begin; more commonly after a few days’ interval, during which the 
temperature may be normal, show an evening elevation, or remain 
raised but at a lower level than before, the fever returns in the form 
of another wave, to be succeeded in its turn by an interval of absolute 
or relative apyrexia. Successive waves of fever and intermissions may 
continue in this way for weeks or months. 

The general symptoms resemble those which may be produced in 
other diseases of bacterial or protozoal origin. Premonitory symptoms, 


Incuhanon 

period 

Variability 
of s\ mptoms 



S.KEY 1571] 


CLINICAL PICTURE 


365 


such as malaise, loss of appetite, weariness, and dejection, are common, Fremonitory 

against which the patient struggles and tries to keep afoot. Accom- 

panying the fever there are headache, varying in intensity with the 

degree of infection, increasing malaise, and great lassitude of both 

body and mind. The patient is hot but shivery and complains of aching 

pains particularly in the back and neck. Constipation is the rule. The 

spleen is tender on pressure but appreciable enlargement is usually a 

later sign. In some cases the mind is clouded and dull, so that this, 

combined with a furred tongue, and flushed face when the temperature 

rises in the evening, may give a picture suggesting typhoid fever. In 

other cases there are irritability, marked restlessness, and insomnia. 

When the temperature becomes normal the symptoms abate and the 
attack may appear to have come to an end, but in most cases the relief 
is only temporary and a recurrence follows. 

Continuous type 

It is convenient to place in this group cases characterized by con- 
tinuous fever without clean-cut intermissions of absolute or relative 
apyrexia. The temperature often swings over a range of about 2"" F. Temperature 
daily; it drops in the morning, perhaps even to normal, only to rise 
again later in the day. The chart may be ^hectic’ with subnormal 
readings in the morning and a rise to 103° F. or higher in the evening. 

Again, the symptoms may be so indefinite that the subject is up and 

about and unaware that he has a slight rise of temperature, perhaps 

only 99° F., in the evenings. These ambulatory cases may be a danger 

to others and to themselves, for they can act as carriers, and at any Ambulatory 

period grave symptoms may supervene or some serious complication 

develop. 

In general symptoms there are no essential differences in the types General 
of the disease mentioned above, but the continuous form tends to be 
more wearing and exhausting to the patient. 

Malignant type 

Some writers, following Hughes, recognize another clinical group 
under the name ‘malignant’. The symptoms are those which may 
occur in any case of undulant fever but differ in being much exaggerated 
in degree. The onset is sudden and the temperature rises quickly to Temperature 
104° or 105° F. with intense headache, severe muscular pains, and 
anorexia. Diarrhoea is common with profuse and offensive stools. 

After a variable period the patient may pass into a deeply toxic state Toxaemia 
with a dry brown tongue and delirium deepening into coma. Death Cause of 
may result from heart failure, hyperpyrexia, or broncho-pneumonia. 

In Hughes’s series of 45 fatalities in proved cases of undulant fever 
there were 6 deaths during the first week, 7 during the second, and 9 Mortality 
during the third; i.e. one half of the total number of deaths occurred 
within twenty-one days. 
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(2) — Symptoms and CompKcations Common to T}pes 

It is necessary to supplement the foregoing outline by a more detailed 
account of the protean symptoms of this disease, classified as they may 
appear in connexion with various systems and parts of the body. 

The patient’s condition, especially at the beginning of an attack, 
may suggest early typhoid or paratyphoid fever. More usually he is 
pale, weary, and listless, and as the attack drags its slow length along 
he may become so wasted and anaemic as to resemble an advanced 
case of pulmonary tuberculosis. In contradistinction to this, it is 
surprising how other patients in spite of long-continued fever remain 
in excellent condition and show few or no clinical signs except an 
elevated temperature. 

The undulatory character of the fever is the most constant of the 
inconstant signs of this disease. The febrile wave commonly lasts from 
about ten days to three w^eeks but may extend to six weeks or even 
longer (see Fig. 25). After the temperature returns to normal there is an 
intermission of a few days, sometimes ten or twelve, but I have seen 
febrile relapses after a month of normal temperature. About three 
relapses is an average number. The temperature commonly climbs and 
later descends by a series of gradations, but either the rise or the fall 
may be abrupt. 

When the undulatory type of fever is maintained the recurring waves 
often become shorter in duration, more markedly remittent, and show 
lengthening intermissions; but from a study of one wave it is impossible 
to foretell what characters the succeeding waves may assume. Further, 
the temperature may begin with one or more undulations and later 
become continuous. Similarly, though less often, the reverse sequence 
occurs. Even when the fever is continued, an examination of the chart, 
especially if 4-hourly records are kept, may show irregular undulatory 
curves. The daily fever is typically remittent, falling in the morning to 
V or 2^ F. below the evening reading; these remissions, especially in 
the later stages, may be so marked as to give the saw-backed chart 
of hectic fevers. 

Except when the temperature is maintained at a continuous high 
level, over lOS"* F., it is impossible in undulant fever to gauge the 
degree of severity of an attack from a study of the temperature chart. 
Two patients, one of whom is prostrated, wasted, and anaemic, and 
the other in good condition, enjoying his meals, and interested in all 
the events of the day, may have identical records of fever. One of 
my patients was of necessity nursed at home with only a day nurse in 
attendance. During her sixth relapse with a high remittent temperature, 
which in most diseases would have implied inability to stir out of bed, 
she crept downstairs night after night before detection and busied 
herself in making up her arrears of private correspondence. 

When undulant fever was widely endemic in the garrison of Malta 
the duration of pyrexia averaged from two to three months. Individual 
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cases may far exceed this average and a number are on record in which 
fever persisted for two years. 

In marked contrast to most febrile diseases, the skin is characteristic- Skin 
ally moist, and even a high temperature, unless this is maintained 
without remission, does not give subjective sensations of dryness and 
burning heat. Sensible perspiration is a prominent feature and, especi- 
ally when accompanying febrile remissions, may amount to drenching 
sweats which come on after midnight and during the small hours of SKeatmg 
the morning. This profuse sweating, especially late in the disease, can 
be very exhausting to the patient and troublesome to his attendants. 



Fig. 25. — Undulant fever {Br. melitensis) during tenth month of attack. Patient 
was cheerful and, except for feeling of heat at night, made no complaint. Good 
appetite. Spleen + -I-; Liver -I-; red blood count 5,200,000; haemoglobin, 70 per 
cent; leucocyte count 4,000; polymorphonuclear leucocytes, 47 per cent; lympho- 
cytes, 47 per cent. Br. melitensis isolated on several occasions from both blood 
and urine; no blood culture made after sixth month, when organism was still 
present. Agglutination positive in 1 in 1,000; negative up to 1 in 500. Fever 
persisted for about two months longer 

Other patients pass through an attack even of long duration without 
perspiring more than is sufficient to keep the skin from feeling hot 
and dry. 

Uncomplicated undulant fever does not produce any characteristic Exanthem 
exanthem, but various types of rash may result from excessive perspira- 
tion, and prickly heat is sometimes troublesome. One of my patients 
during a relapse developed an extensive exanthem so like the pleo- 
morphic form sometimes met with in paratyphoid fever as to suggest 
for a time the possibility of this disease as a concomitant infection. 

Staphylococcal boils are a troublesome complication in debilitated Boils and 
subjects, as are small superficial abscesses of the skin due to localized ‘^^^esses 
invasion by Br. melitensis. As a result of general weakness the hair may Loss of hair 
fall, which intensifies the prematurely-aged appearance of a wasted 
subject, but the loss is not permanent. 

The tongue is characteristically large, flabby, moist, and furred, with Mouth 



368 


UNDULANT FEVER 


[voL. xn 


Stomach 


Constipation 
and diarrhoea 


Spleen 


Liver 


Mespiratory 

system 

Cm^h 

BtrrmcMtb 


the tip and edges clean. As a rule the fur is whitish or silvery, and so long 
as it persists the patient cannot be regarded as free from the danger 
of relapse however well he may otherwise appear. If a condition of 
severe dehihty and anaemia develops the tongue may become in parts 
red and raw through loss of its superficial epithelium. In the same type 
of case aphthous ulcers are common in the mouth and the gums become 
spongy, tender, and bleed readily. In hypertoxic forms of the disease 
the tongue may take on the dry brown shrunken character found in 
the 'typhoid’ state. 

Some degree of indigestion is usual and in mild infections may be the 
only complaint. The patient may describe the symptoms referable to 
the stomach as a sense of ‘fullness’ with local tenderness and diminution 
of appetite; or they may amount to a severe dyspepsia so that many 
cases of mild undulant fever have run their course under some such 
symptomatic label. Marked anorexia is not usual in attacks of ordinary 
severity. Vomiting is rare but may occur at the onset of a severe infec- 
tion or at the onset of a relapse. On the other hand, even with prolonged 
fever the appetite often remains good throughout. 

As a rule the bowels are constipated or irregular and the stools offen- 
sive. Especially in the ‘malignant’ type, diarrhoea with passage of foul 
stools may be present early, but at any stage sudden attacks of diarrhoea 
may be a troublesome complication in a patient previously constipated. 
Sometimes these can be traced to unsuitable food or to overloading 
the stomach, but, apart from disturbance due to such dietetic errors, 
acute symptoms of a dysenteric character may supervene. The stools 
in such attacks often contain considerable quantities of mucus, and 
traces of blood, perhaps only microscopic in amount, may be detected, 
and this without any ascertainable evidence of an added dysenteric 
infection. 

The spleen is nearly always enlarged to some extent, as can be demon- 
strated at first by percussion and later by palpation. The degree of 
enlargement of the organ is not proportional to the duration of the 
disease, and in some instances splenic enlargement which originally 
was easily appreciable on palpation can not be detected later. If the 
spleen is not palpable, tenderness of the organ may be demonstrated 
by digital pressure below the costal margin. In addition to splenic 
tenderness there is a liability to considerable and even very severe pain 
due to perisplenitis. 

In most cases the liver is enlarged and the lower margin palpable and 
tender on pressure. Jaundice, usually sUght in degree, is occasionally 
present. 

There is a great liability to involvement of the chest. Even early in 
the disease catarrh of the air-passages is very common as shown by 
cough, particularly in the morning. The cough may be dry and in- 
efiective or may give relief by freeing the passages from tenacious mucus. 
The early respiratory catarrh often progresses to a definite bronchitis, 
localized or more general. When localized, the base of the lung is most 
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frequently involved, and a majority of prolonged cases show the 
physical signs of basal congestion. A much, more serious complication 
is broncho-pneumonia which is a contributor^^ cause of death in most Broncho- 
of the cases which end fatally. As in enteric fever, there may be early 
involvement of the lungs so that the initial symptoms are those of acute 
pneumonia. Occasionally pleurisy, either dry or with effusion, develops Piewisy 
in the course of an attack, a disquieting event as there is always the 
possibility that a latent tuberculous infection may have become active. 

The pulse-rate is not affected in any characteristic fashion but varies Puise 
in keeping with the degree of fever and the general severity of the disease. 

A secondary anaemia is to be expected. Even when the number of the Anaemia 
red corpuscles is fairly well maintained, as it may be whatever the dura- 
tion of the disease, the haemoglobin is usually considerably reduced in 
amount. In other cases the anaemia may be so severe as to dominate 
the clinical picture, giving rise to distressing palpitation on slight 
exertion or mental excitement, to oedema, and purpuric and other 
haemorrhages. In the past these symptoms w^ere apt to be aggravated 
by an added scorbutic element. 

The total white-cell count is reduced; in cases of ordinary severity White cells 

4.000 to 6,000 cells per c.mm. is an average finding. The reduction affects 
mainly the polymorphonuclear cells, with a consequent relative lympho- 
c}1:osis. The large mononuclear cells are normal or reduced in number, 
actually and relatively. The white-cell response to some septic stimulus 
may amount to an actual leucocytosis, as in a patient under my care 
in whom a complicating acute hepatitis of undetermined nature, and 
not affected by emetine, temporarily raised the white-cell count to 

20.000 per c.mm. In similar circumstances when the patient’s defensive 
mechanism has become more exhausted, an increase in the number of 
white cells, if it occurs at all, is likely to be appreciated only by com- 
parison with counts made before the onset of the septic complication. 

But a leucocytosis of some degree is possible at any stage and is some- 
times found as a late and even terminal event in prolonged infections. 

The heart muscle may show signs of weakness due to toxic degenera- changes in 
tion or anaemia. Pericarditis, with or without effusion, and more rarely 
endocarditis occasionally develop. Ulceration of the cardiac valves, 
probably a reactivation or extension of pre-existing lesions, has been 
found after death. 

Among the early symptoms weariness and physical and mental lassi- Nervous 
tude are outstanding; as the period of toxaemia lengthens, the patient 
tends to be increasingly depressed. Rarely prostrated enough to be 
indifierent to his condition, he sees his disease dragging on, or relapse 
following relapse, and he becomes hopeless and despondent, with out- 
bursts of irritability when he rails at his hard lot. These exacerbations 
most often follow a fall of temperature. In prolonged and severe attacks 
there may be some mental confusion and blurring of memory for small 
details, the latter disability at times persisting far into convalescence. 

Delirium is not common. The nervous hypertension is characteristically Reflexes 
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accompanied by an exaggeration of the deep reflexes. Even in the mild 
type of case depression, listlessness, and irritability are usual, perhaps 
being more obvious to the patient’s friends than to himself. Thus after 
two or three weeks of sustained good health which has raised hopes 
that the disease has burned itself out, the convalescent is obviously 
losing interest in his pursuits and tires more easily and, although he 
still protests his good health, his experienced friends realize that 
another relapse is imminent. 

In the late stages, as a result of toxaemia and associated debihty, 
attacks of localized neuralgia and neuritis are common. Any nerve 
or group of nerves may be affected, including either or both of the 
sciatics. Areas of the skin, particularly in the lower extremities, become 
painfully hypersensitive to light touch from involvement of cutaneous 
nerve-fibres, recalhng the ‘tender toes’ of typhoid fever. The nerve 
manifestations may progress to a definite peripheral neuritis with 
wasting, abolished knee-jerks, and foot-drop. 

Especially in superficial areas, it is often difficult to say whether a 
nerve or some associated or adjacent fibrous tissue, e.g. nerve sheath 
or aponeurosis, is the seat of inflammation. For this reason it is appro- 
priate to point out that fibrous tissue wherever situated is liable to 
inflammatory involvement. The tendency to neuritis and fibrositis, 
with the resulting aches, pains, and tenderness, accounts for the high 
incidence of non-articular ‘rheumatism’ formerly recorded in the 
garrison at Malta. 

Arthritis is one of the common complications and in the military 
cases in Malta was recorded in about 40 per cent. There may be an 
acute onset with sudden effusion into one of the large joints but more 
often the involvement is subacute. Except that the acute form some- 
times accompanies the initial febrile wave, arthritis is a late comphca- 
tion; but in mild and ambulatory cases its onset may be the first reason 
to bring the subject under medical notice, or the first to suggest to an 
alert practitioner the true significance of some preceding indefinite 
symptoms. The affected joints are painful and tender but are rarely 
red and do not suppurate. In the subacute form there may be little 
effusion into the joint cavity, and neighbouring structures and tissues 
may be affected much more than the articulation. After a few days 
the inflammation may subside, often only to reappear in some other 
joints and tending on the whole to move from large to small joints. 
The condition is usually painful and distressing to the patient, and 
when the intervertebral or sacro-iliac joints become affected every 
movement may be an agony. In Hughes’s extensive series of cases, the 
joints were involved in the following order of frequency: hip, knee, 
shoulder, ankle, wrist, fingers, toes, elbow, intervertebral, sacro-iliac, 
and maxillary. Stiffness, with discomfort on movement, may persist 
during and even after convalescence, but there is no permanent dis- 
ability. Tendon sheaths are subject to similar inflamiriatory involve- 
ment and effusion. 
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Except for the presence of the causal organism, the urinary changes Changes in 
are not diagnostic. The quantity of urine and its constituents are 
affected by the height of the fever and the amount of sweating. 
Urobilinogen is increased in amount in a majority of cases. Albuminuria Urobilinogen 
is no part of the disease, though glomerulitis may occur as an occasional 
complication. In long-continued attacks signs of chronic nephritis Chronic 
sometimes become evident, a development which suggests some pre- 
existing damage to the kidneys. Severe inflammatory complications 
of the genito-urinary system, e.g. vesiculitis, may give rise to blood 
in the urine. 

Inflammation of the testis is a recognized late complication and is Orchitis 
liable to occur during a relapse. It commonly begins in the epididymis 



Fig. 26. — Undulant fever {Br. melitensis) complicated by acute streptococcal 
mastoiditis requiring operation on 166th and 175th days of disease, with eventual 
recovery 

and may spread to the body of the organ. Such attacks vary in severity 
from an acute inflammation with great pain, tenderness, redness, 
swelling, and effusion, to an affection so mild that a feeling of heaviness 
in the organ and some tenderness on pressure are the only indications. 

Usually only one testis is affected, and recovery is complete. Without 
objective signs of inflammation, patients may complain of neuralgic 
pain in the testis. In extensive series of cases, the recorded incidence of 
orchitis varied from 4 to 15 per cent. Ovaritis and also endometritis. Ovaritis 
sometimes with abortion, may occur. 

The circulating bacteria or their products may affect practically any Other 
organ or tissue in the body in such a way as to bring about some ^implications 
complication. In addition to those already noted the following have 
been recorded: meningitis, encephalitis, myelitis, peritonitis, pyelitis, 
cystitis, prostatitis, urethritis, vesiculitis, osteitis, otitis media and 
mastoiditis (see Fig. 26), osteomyelitis, periostitis, mastitis, pancreatitis, 
parotitis and inflammation of other salivary glands, and phlebitis. 
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In a disease so variable in its course prognosis is notoriously difficult. 
On the whole an attack with intermissions is more favourable than 
one with continued fever. A maintained high temperature, a falling 
agglutination-titre in a patient who remains seriously ill, and persisting 
asthenia and anaemia are all disquieting signs. The importance of a 
furred tongue as indicating the danger of further relapse has been 
already stressed. At any stage the onset of some complication may 
transform a mild and seemingly favourable case to one of the utmost 
gravity. 

Mortaliiy The death-rate is low in proportion to the seriousness of the disease as 
a cause of sickness and invalidism. In the large numbers of cases formerly 
occurring in the British garrisons in the Mediterranean region the 
mortality averaged from 2 to 3 per cent. In individual outbreaks, 
however, the death-rate may reach 10 per cent. 


7.-DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

Of the major infective fevers undulant fever is the most likely to be 
unidentified for often there is httle to suggest the diagnosis to one 
who has not the disease already in mind. The initial detection of an 
indigenous case in some locality usually leads to recognition of a series 
of other cases of the disease. 

The possibility of a Brucella infection should always be entertained 
in any case of fever of undetermined origin, especially if prolonged, 
which is associated with leucopenia or at any rate with the absence 
of leucocytosis. If the pyrexia is of an undulating type, a character 
found in some 60 per cent of cases, or if there are few objective signs 
to account for the fever, the probabihty of undulant fever is increased. 
Other signs to be looked for are: dyspepsia, a white-coated tongue, 
the association of fever and a moist skin, an enlarged soft spleen, 
mental and physical lassitude, arthritis, and orchitis, though these are 
not necessarily present. 

Common In ambulatory cases suspicion may be aroused by a history of persistent 

^^toms of Qj. recurrent dyspepsia, and formerly medical officers in Malta were 
advised to take temperature readings in all cases of ‘indigestion’. 
Another common history is that the subject feels well in the morning, 
but towards the evening he ‘crumples up’, looks tired and worn, and 
may be aware of sensations, possibly very slight, of a rise of tempera- 
ture. The first suggestive event may be the onset of some complication. 

Two illustrative personal cases may be mentioned. One man sought advice 
because of recurring crops of boils of recent origin; and the other, while 
on holiday in England, developed multiple arthritis which was dogmatically 
ascribed to dental infection. Although neither would admit to any preceding 



S.KEY 1571] 


DIAGNOSIS 


373 

definite illness, each gave a history of having felt vaguely "out-of-sorts*' 
intermittently, over a period of several months. The possibilil} of undulant 
fever was strengthened by the fact that both men had come from localities 
where the disease was knowm, and consequent laboratorv^ examinations 
proved this to be present. 

In no infective disease is laboratory investigation more important, iMborawry 
for without such aid many cases of undulant fever will pass unrecog- 
nized and in others the diagnosis will be little better than a guess. As 
already indicated, undulant fever is more likely to be diagnosed as 
other diseases than these as undulant fever, and one point that should 
alw^ays bring a Brucella infection to mind is a normal or diminished 
white-cell count in an unidentified fever of more than seven days' Leucopenia 
duration. 

In most cases Br, melitensis can be recovered from the blood. This is Blood culture 
best taken at the beginning of a febrile wave or, failing this, at the 
height of the daily excursion of temperature. Flasks of glucose broth 
or other suitable medium are inoculated and should not be discarded 
as negative within a period of at least one month. Blood culture is 
preferably carried out as early as possible in an attack, but the organism 
may be recovered after months of fever. When it is impossible to exclude 
infection with Br, abortus, a part of the blood withdrawn should be 
incubated with the special precautions necessary to grow that organism. 

(See Abortus Fever, Vol. I, p. 73.) Br, melitensis is generally present Urine culture 
in the urine at some time, especially during deferv^escence, though 
repeated cultures may be required for its detection. In the interpretation 
of results of the agglutination test, the following suggestions of Topley Agglutination 
and Wilson relative to Brucella infections in general should be con- 
sidered. 

‘(1) A title of 1/80 or less, in the absence of clinical symptoms, is 
indicative either of a latent Brucella infection, or of a past infection — 
not necessarily attended by definite disease. (2) A titre of 1/80 or over, 
in the absence of clinical symptoms or of a recent pyrexial attack, is 
suggestive of frequent infections, usually occurring in persons drinking 
large quantities of infected raw milk or exposed to contact with infected 
animals or carcasses. (3) A titre of 1 /80 or over in the presence of pyrexia 
and other symptoms of disease, occurring in a person whose occupation 
or habits do not expose him to special risk, is very suggestive of active 
infection with a member of the Brucella group. In persons belonging 
to the occupational classes referred to, in whom a latent infection is 
not uncommon, a titre of 1 /80 is too low to be of diagnostic significance. 

On the other hand, a titre of 1/1000 or over is rarely met with except 
as the result of an active infection, and may usually be regarded as 
evidence of undulant fever. (4) A titre of 1 /20-1 /80, in the presence 
of clinically undulant fever, may likewise be considered as practically 
diagnostic of this disease. (5) The complete absence of agglutinins from 
a patient’s serum does not exclude the diagnosis of Brucella infection. 

Cases are on record in which a positive blood culture has been obtained 
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in the presence of a negative agglutination reaction. Agglutinins are 
generally present in a suggestive titre by the end of the 2nd week, and 
in frank cases of undulant fever they generally rise to a titre of 1 '640 
or over. After the attack is over they tend to fall fairly rapidly, and may 
sink to a low level within 3 months. There is evidence that in chronic 
cases they may fall even during the period of active infection, so that 
too much stress must not be laid on a negative agglutination reaction 
in patients whose pyrexia has lasted for some months. 

Attention must be called to the not infrequent occurrence of a prozone, 
sometimes extending to even 1/640 in high-titre sera. For this reason a 
wide range of dilutions should always be put up.’ 

The melitin test is an allergic reaction provoked by intradermal injection 
of either a filtrate of a broth culture, or a killed suspension, of Br, melitensis. 
In the first-mentioned method, 0*05 to OT c.c. of a 20-day culture may be 
employed, and in the latter 0-2 c.c. of a killed broth culture containing a 
million organisms. In a positive reaction a red oedematous area results at 
the site of injection and persists for two or more days. Control injections in 
the same subject are necessary. Other forms of antigen, e.g. the saline-soluble 
portion of bacteria dried in vacuo for forty-eight hours, have been devised 
and employed. The reaction may remain positive long after recovery from an 
attack of the disease. In its general utility this test is inferior to agglutination. 

Undulant fever is commonly confused with diseases of the enteric 
group, especially during the first weeks. The resemblance is heightened 



by the fact that in the tropics the typhoid rash is often absent and 
constipation is common. In enteric fever there is as a rule greater 
prostration in proportion to the temperature, and sweating is not pro- 
minent. In mild attacks of typhoid fever, and more commonly in 
paratyphoid fever, there may be little general disturbance in spite of a 
high temperature, so that clinical diagnosis is very difficult. The occur- 
rence of a relapse may produce a temperature chart closely resembling 
that of undulant fever (see Fig. 27). 

In undulant fever and amoebic abscess of the liver wasting, anaemia, a 
prolonged swinging temperature, chills, and drenching sweats may be 
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present. In liver abscess a leucocytosis of about 15.000 per c.mm. is 
to be expected. Subjective or objective signs of li\er involvement, if 
these are in evidence, will suggest local examination by screening and 
skiagrams, and emetine may have a markedly beneficial effect. Amoebic 
abscess does not of itself cause enlargement of the spleen. 

Wasting, anaemia, cough, sweating, and a swinging temperature are 
common to pulmonary tuberculosis and undulant fe\er, and differentia- 
tion may present a very-^ real difficulty. The occurrence of patches of 
pulmonary congestion, broncho-pneumonia, or pleurisy in undulant 
fever may give equivocal appearances in radiographs. Even if demon- 
strable proof of tuberculosis is forthcoming, concurrent undulant fever 
is not necessarily excluded. The clinical similarity of these two diseases 
gave rise to the old belief regarding the hopeful prognosis in pulmonary 
tuberculosis originating in the Mediterranean region. 

The presence of parasites in the blood, and the effect of quinine or 
other specific drug, should determine the diagnosis of subtertian malaria. 
Malaria and undulant fever, however, may occur together, and in 
any patient the demonstration of malaria parasites merely indicates 
the existence of a malarial infection and does not necessarily imply 
that all symptoms are due to malaria. 

In the first months of kala-azar the sense of well-being, persisting 
appetite, recurring waves of fever, and the leucopenia have led to 
confusion. The temperature in undulant fever does not show the 
double remission of kala-azar, nor is the spleen firm on palpation. 
The recovery of Leishmania from the blood, bone marrow, or liver 
will settle the diagnosis. A negative aldehyde reaction is strong evidence 
against kala-azar if the symptoms are of three months’ duration. Owing 
to the greater danger of haemorrhage, splenic puncture should be 
avoided if Brucella infection has not been definitely excluded. 

Although there is no sign, symptom, or complication in Br. melitensis 
infection which might not occur in abortus fever, the latter is generally 
shorter and milder and has fewer complications; and further the 
causal organism is more difficult to isolate. That is to say, the two 
diseases differ in the same respects as typhoid and paratyphoid fevers. 
Br, suis infections tend to be milder than those due to Br, melitensis 
but more severe than abortus fever, thus occupying an intermediate 
position. 

Other conditions that may give rise to error or difficulty are: strepto- 
coccal septicaemia, especially if accompanied by arthritis; Bact, coU 
septicaemia; ulcerative endocarditis {Brucella may be superimposed 
on valves already damaged); and, in the event of an onset with meningeal 
symptoms, cerebrospinal meningitis. These infections are associated 
normally with leucocytosis, an important differential character. Early 
Hodgkin’s disease, when accompanied by febrile waves (Pel-Ebstein 
type), might suggest undulant fever. On the other hand undulant fever 
beginning with vomiting and severe diarrhoea, as in the ‘malignant’ 
type, has been diagnosed as an infection with one of the food-poisoning 
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group of organisms. The time element will serve to distinguish it from 
influenza, sand-fly fever, and dengue. 


8-TREATMENT 

The enumeration of the possible sources of infection in man (see 
p. 363) indicates the lines along which preventive measures can be 
instituted. 

There is no specific curative treatment for undulant fever, and the 
irregular and uncertain course of the disease makes it more than 
usually difficult to appraise the value of the various medicaments that 
have been advocated. Temperature charts produced as evidence of the 
efficacy of some particular treatment can usually be matched by those 
of other patients treated only on general lines. 

It is a good practice to preface the dietary regime by a mild purge. 
No routine diets can be laid down, for the nature and quantity of the 
food to be given depend on the patient’s appetite and power of 
assimilation. The danger of over-taxing the digestion must be kept in 
mind. It is well to begin with a basis of milk, sterilized preferably by 
pasteurization unless the source is above suspicion, and milk prepara- 
tions — custards, junket if possible, or egg and milk, according to the 
patient’s taste. He should be encouraged to drink daily two or three 
pints of fresh orangeade or lemonade, with glucose added. The raw 
yolk of one or more eggs beaten up in orange-juice makes -a palatable 
and nourishing meal. The known essential food factors must be 
included. Halibut-liver oil, because of its small dose, can usually be 
assimilated without difficulty. Yeast is an important addition and 
may help digestion. Fresh brewers’ yeast, however disguised, is often 
distasteful and can be replaced by dried yeast tablets prepared by 
some reliable firm, giving the equivalent of two drachms of brewers’ 
yeast daily. Marmite in drachm doses is useful as a substitute or variant 
for yeast. Having proved the patient’s capability of absorbing a low 
diet, the amount of food can be increased, but every untested addition 
must be made with caution and in small quantity. Here the patient’s 
own inclinations are helpful. Fresh fruit, salads, and the like when 
obtainable, can be added and, if all goes well, the stage of fish diet 
may soon be reached. Some patients retain their appetite throughout 
and do well on a plain ordinary diet, but this should be well balanced 
and include the accessory food factors mentioned. In such cases it is 
best to give the main meal in the middle of the day and a light meal 
at night. If a patient who is taking a fairly liberal diet feels inclined to 
omit a meal he should not be pressed to eat. Indeed, an occasional 
day of low diet may stimulate the appetite appreciably. 

Sleeplessness is both exhausting and depressing and one of the newer 
synthetic hypnotics, such as sodium barbitone, should be employed 
without hesitation to secure rest. Excessively high temperatures are 
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controlled by hydrotherapy; febrifuge drugs are likely to have a 
depressant effect and are therefore contra-indicated. 

Preparations of various metallic salts and dyes have been employed Special 
for intravenous injection. They are of doubtful \alue and none can 
be regarded as a specific. Sulphanilamide has been advocated in a Suipk- 
dosage of 7^ to 15 grains (0*5 to 1-0 gram), thrice daily by mouth, or 
in an equivalent dosage by injection. In spite of reported successes in 
some cases there has been no appreciable benefit in others, and a 
subsequent relapse has not been averted. If no improvement results 
within a week, the treatment should be discontinued. In debilitated 
and anaemic patients the drug should be given with caution and its 
effects carefully watched. Other preparations of the sulphonamide 
class, known by various proprietary names, have also been used, 
generally in the dosage recommended by the makers for systemic 
infections. In spite of some claims to successful results, it is too early 
to give a final pronouncement on the efibcacy of the treatment. 

Vaccine therapy is uncertain in its results but sometimes the treatment Vaccine 
appears to be effective. Autogenous vaccines are preferable. Twenty- 
five to 50 million organisms given intramuscularly is a safe initial dose, 
and injections in increasing amounts can be repeated at four-day 
intervals at first, but as a higher dosage is reached the intervals may be 
lengthened to a week or ten days. Some prefer to give injections of 
about 10 million organisms on each of several successive days. In the 
asthenic and non-responsive type of case vaccine therapy should be 
employed very cautiously and stopped early if no benefit is apparent. 

Melitin can be used in treatment as well as for diagnosis. If no general Melitin 
systemic reaction follows the diagnostic intradermal injection of broth- 
filtrate (see p. 374), larger doses are given intramuscularly. The object 
is to provoke a febrile reaction, and when the quantity sufficient for 
this purpose has been ascertained, four fever-producing doses are given 
at three-day intervals. When the diagnostic intradermal dose causes a 
general reaction, the same amount is used for the initial intramuscular 
injection, and the subsequent doses are increased as may be necessary 
to produce a febrile response. 

Immune serum if available is worth a trial; as an alternative, 500 c.c. Serum 
of blood from a convalescent patient, taken with the usual precautions, 
may be used for transfusion. 

There is some evidence that an attack may be shortened by inducing Protein shoe 
protein shock. A convenient agent for this purpose is T.A.B. (typhoid- 
paratyphoid) vaccine, given intravenously in doses of from 50 to 150 
million organisms at four-day intervals. 

Rainsford devised a method of treatment based on the presence in Rainsford^s 
the urine of urobilinogen in pathological amounts, thus indicating toxic 
degeneration of the liver cells. A preliminary test is carried out by adding 
to 5 c.c. of urine three drops of a 3 per cent solution of p-dimethyl- 
amidobenzaldehyde in a mixture of equal volumes of hydrochloric 
acid and distilled water. The production of a red colour within a few 
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minutes shows the presence of urobilinogen in abnormal quantity. In 
early cases, when the test is positive, he administered glucose 2 to 3 
ounces daily in lemonade, and large doses of alkalis, e.g. potassium 
citrate and sodium bicarbonate by mouth. In view of the liability 
of intensive alkaline treatment to lower the blood calcium, calcium 
gluconate 10 c.c. of a 20 per cent solution is given intramuscularly or 
intravenously once or twice weekly. The treatment usually frees the 
urine from urobilinogen in from two to three weeks. In chronic or 
resistant cases, an alternative procedure is to give once daily 10 units 
of insulin, followed in half an hour by 50 grams of glucose by mouth. 
Treatment of Complications must be treated on general lines as they arise. Salicylates 
complications useless and even harmful. Preparations such as allonal (amidopyrine 
with a barbiturate) ease the aches of arthritis, neuritis, and fibrositis. 
Morphine should be avoided if possible because of the danger of estab- 
Pain lishing the habit. If the intolerable pain of some complication makes 
morphine necessary, the drug should be called by some other name in 
Anaemia the patient’s hearing. Severe anaemia is sometimes benefited in a striking 
fashion by iron which may be given as freshly prepared Blaud’s pills. The 
patient is first tested by giving one pill daily, and it should preferably 
be chewed before swallowing. If the iron is well tolerated the dose is 
gradually increased. Even with a continuing pyrexia this treatment may 
cause a steady rise in the percentage of haemoglobin. In cases of severe 
asthenia or resistant anaemia, blood transfusion should be undertaken 
without avoidable delay. 

Change of A change of climate, when this is possible, is often effective in hastening 
climate recovery or shortening the period of convalescence. 
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Reference may also be made to the following titles: 


COMA NEPHRITIS AND NEPHROSIS 


l.-DEFINITIONS AND HISTORY 

1572.] The word ‘uraemia’ should be reserved for certain physical 
disturbances resulting from severe renal failure. Uraemia implies a 
clinical state attended by symptoms, together with demonstrable 
chemical changes in the blood of which the most important is a great 
increase in the urea content. Severe renal failure, however, may occur 
and be recovered from without uraemia supervening. In patients with ‘Pseudo-^ 
nephritis and hypertension severe symptoms may result from cerebral 
circulatory disturbance; such cases have often been erroneously labehed encephalo- 
‘uraemia’ but they should be excluded from the definition and described 
either as ‘pseudo-uraemia’ or, following the nomenclature of Fishberg, 
‘hypertensive encephalopathy’. 

In 1833 Richard Bright wrote; ‘What seems in some way to account Historical 
for the general derangement and suffering of the constitution is the 
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fact that urea becomes demonstrable in the circulating mass and the 
blood becomes impregnated with that substance.’ But the word 
'uraemia’ was first used by Piorry (Piorry and I’Heritier), and at the 
beginning of the present century the work of Widal and his school in 
Paris led to the recognition of its true nature. 


2.-AETIOLOGY 

The aetiology of uraemia is that of severe renal failure; it can be pro- 
moted by any process tending to inhibit the formation or excretion 
Inhibition of of urine. Circulatory deficiency, morbid changes in the kidney including 
formation and ixifiammations, tumours, and ischaemic processes, or obstruction to the 
urine outflow of urme at any point fron the renal pelvis downwards may be 

responsible for renal failure and uraemia. 

When uraemia results from destruction of renal tissue, the destruction 
must have attained a considerable degree before uraemic symptoms 
appear. The experiments of Rose Bradford (1892) demonstrated that 
in animals about three-quarters of the total kidney substance must 
be removed before uraemia ensues. According to the above definition, 
uraemia implies a state accompanied by symptoms as well as by chemical 
change in the blood; when such chemical change is gradual, symptoms 
will be produced much less readily than when it is abrupt; this explains 
why a patient with long-standing urinary obstruction from an enlarged 
prostate will often not show symptoms of uraemia in spite of marked 
chemical change in the blood, whereas a patient with relatively little 
renal damage may succumb to uraemia when the renal circulation is 
impaired as a result of operative shock. (For nephritic! oxaemia of late 
pregnancy see Vol. X, p. 102.) 


3.-MORBID ANATOMY AND BIOCHEMISTRY 

No morbid anatomical change can be laid down as characteristic in 
patients dying of uraemia, because the causes of renal failure are so 
manifold; the morbid anatomy will be that of the processes responsible 
for the failure of the kidneys in each particular case. 

Characteristic morbid changes can be found in the chemistry of the 
Nitrogen blood, the most conspicuous being an increase in the blood urea, but 
retention Other nitrogenous substances, particularly uric acid and creatinine, 

will also be increased. Apart from this nitrogen retention, there is in 
Mood most uraemic patients a diminution in the blood calcium together with 
an increase in the phosphorus content. It is easy to demonstrate that 
this change in calcium and phosphorus occurs almost invariably if 
blood analysis is carried out in any large series of cases and, for 
reasons given later (see p. 381), it may be responsible for striking 
symptoms. The other change in the blood chemistry often present is a 
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diminution in the alkali reserve; this is important in treatment and is Dmmution 
a condition which may carry its own train of symptoms. There is still 
much to be learned but there has been a singular agreement among 
trained observers during the last ten years; the*^ recenrstudy by Mason 
and his co-workers in the United States on the effect of ^bilateral 
nephrectomy in dogs amply confirms what is written above. 


4.-RELATION OF CLINICAL TO CHEMICAL 
PHENOMENA 

The clinical phenomena of uraemia include gastro-intestinal symptoms 
such as vomiting and diarrhoea, drowsiness proceeding to deep coma, 
nervous manifestations such as increased neuro-muscular irritability 
and convulsions, and respiratory manifestations such as increased or 
difficult breathing. All these can be explained on chemical grounds. 

Care must be taken not to include amongst the clinical manifestations 
of uraemia phenomena which are really due to other features of renal 
disease; thus oedema is a result either of albuminuria or of cardiac 
failure or of both. Pallor may be conspicuous and is in some cases 
the index of an anaemia which follows renal failure although its 
mechanism is not yet apparent. Skin eruptions have been described; 
they are rare but are in some cases uraemic manifestations in so far 
as their production is related to any excessive secretion of urea in the 
sweat. 

The drowsiness and ultimate coma of uraemia run so closely parallel Coma 
with the increase in the blood nitrogen that it is difficult to escape 
the conviction that they are the direct effect of urea intoxication. If it 
is true that animals can be transfused with urea without developing 
symptoms, and if it is true that in uraemia certain compounds of 
phenol of higher anaesthetic potency than urea are found, it is never- 
theless unquestionable that the depression of the central nervous 
system, which forms the major symptom of uraemia, cannot be dis- 
sociated from the accumulation of urea in the blood in the manner 
described by Bright. 

Gastro-intestinal symptoms probably result from the backward Gastw- 
passage of urea into the alimentary canal and its subsequent break-down 
into ammonia. 

Hypocalcaemia, when marked, is responsible for increase in the tendon- Other 
reflexes, twitching of the muscles, and sometimes tetany. Its presence 
facilitates the occurrence of fits. Diminution of the alkali reserve 
may produce air hunger or the hissing respiration sometimes so con- 
spicuous. 

If the onset of nitrogen retention, hypocalcaemia, or alkalosis is 
sufficiently slow these conditions may progress to an extreme degree 
before any great clinical disturbance is produced. 
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Relation of uraemia to hypertension 

In defining uraemia care must be taken to exclude conditions in which 
the symptoms are due to cerebral circulatory disturbances rather than 
to the chemical changes which follow renal failure. Severe hypertension, 
from any cause, whether accompanied by renal failure or not, may 
produce a train of cerebral symptoms which can be confused with 
the manifestations of uraemia. As hypertension is a very common 
accompaniment of chronic nephritis (see Nephritis and Nephrosis, 
Vol. IX, p. 144) it is possible for the cerebral symptoms due to cir- 
culatory change to be confused with those due purely to the renal 
disorder. But hypertension accompanies uraemia only in so far as it 
accompanies those inflammatory and ischaemic conditions which tend 
to produce severe renal damage. 


5.-CLINICAL PICTURE 

The onset of uraemia is usually insidious. Even in cases in which a 
sudden arrest of the renal blood-supply or complete obstruction to both 
ureters produces anuria, there is usually a latent period of several days 
before any symptoms are encountered, and in cases in which the renal 
insufl5ciency develops much more slowly, such as advancing Bright’s 
disease, prostatic obstruction, or polycystic disease of the kidneys, the 
onset of symptoms will be even more insidious. 

Certain manifestations of chronic renal disease, such as lassitude and 
anaemia, are not yet understood; when these are present in a patient 
with renal failure and obvious disturbance of the blood chemistry, it 
is probably reasonable to classify them as uraemic manifestations and 
to explain them as originating from chemical intoxication of certain 
essential tissues of the body. But it is not yet possible to speak with 
certainty on this point. On the other hand it is logical to describe certain 
symptoms as definitely uraemic, and these may be conveniently grouped 
as nervous, gastro-intestinal, and respiratory. 

Nervous symptoms 

Among the nervous symptoms are apathy, constant drowsiness, and a 
definite interference with mental activity; these are usually the earliest 
evident effects. The patient falls asleep at work and, although he is 
easily aroused and often not uncomfortable, his condition resembles 
that of someone who has not properly emerged from the effects of a 
hypnotic. Twitchings of the muscles, sometimes fibrillary and sometimes 
involving large groups, are common symptoms. In such cases the tendon- 
reflexes are usually exaggerated, but it is doubtful if true uraemia ever 
produces an extensor plantar response. These muscular manifestations, 
which at times may produce very painful cramps, are probably results 
of change in the ionized calcium of the blood. True tetany is rare and 
is usually seen in cases in which vomiting or some other cause of 
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alkalosis is prominent. Changes in the retina are absent except in cases chmiges in 
which show circulatory disturbance in addition to renal involvement. 

G astro-intestinal symptoms 

Gastro-intestinal symptoms are present in almost every case. Anorexia, 
nausea, and vomiting are often the first presenting symptoms. Vomiting Vomitmg 
usually occurs early in the day and is not related to meals. Diarrhoea Diarrhoea 
is less common but may be very severe and is occasionally accompanied 
by stools indistinguishable from those of true dysentery. The condition 
may indeed cause ulceration of the colon, and such ulcers have sometimes 
perforated. With these manifestations must be considered the unpleasant Unpleasant 
taste in the mouth which is sometimes the first effect noticed by the 
patient; a high concentration of urea in the saliva can often be demon- 
strated in such cases and the same applies to the gastric juice of patients 
in whom vomiting is prominent. Stomatitis of an ulcerative and even Stomatitis 
gangrenous character may, in rare cases, dominate the clinical picture, 
but usually the initial dryness of the mouth proceeds to furring of the 
tongue and a condition readily explained as being due to a general 
dehydration and to the gross chemical change in the body secretions. 

Respiratory symptoms 

Respiratory symptoms are more rare and are usually seen only in the 
late stages of uraemia. When present they are due almost invariably 
to acidosis. There is no actual air-hunger but the breathing is of the 
Kussmaul type; it is quiet and without stertor. Respiratory disturbance, 
as with the nervous manifestations, is often present in patients with 
advanced renal disease because of cardiovascular change, but in such 
cases the symptoms are accompaniments of, and not consequences of, 
the uraemia. Similarly, it remains very doubtful if there are any true 
cardiovascular sequelae of uraemia alone; cardiac hypertrophy, cardiac 
failure, and all their consequences are usually explicable as the results 
of hypertension. A probable exception is pericarditis which occurs 
usually as a fi.brinous process without much effusion; the diagnosis 
is usually made either from the discovery of a pericardial rub or at 
necropsy. 

6.-COURSE AND PROGNOSIS 

Uraemia is invariably dangerous, but the prognosis in every' case Relation of 
depends chiefly on the cause of renal failure. Patients with prostatic 
obstruction of long standing are often restored to a surprising degree 
of good health when the cause of obstruction is removed. But when 
some process such as progressive ischaemic change or polycystic disease 
is present in the kidney, the onset of uraemia usually heralds death. 

In arriving at a prognosis it is therefore essential to give the most 
careful consideration to the cause of the renal failure and the course 
this process is likely to pursue. An abrupt onset tends to indicate renal 
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failure of recent and acute origin, but an insidious course suggests that 
time will elapse before the major symptoms become prominent and 
that renal failure of slow and probably progressive character is present. 


7~DIAGNOSIS 

The diagnosis of uraemia must ultimately depend upon the demonstra- 
tion of chemical change in the blood. History of long standing renal 
disease or of sudden suppression of urine shortly before the appearance 
of symptoms may make the diagnosis almost certain but, accepting the 
present definition of the condition, chemical change in the blood must 
always be present. This change will always, in uncomplicated cases, be 
of major degree; unless some important accessory condition, such as 
circulatory failure, hypertension, or acute infection, is present at the 
same time as the renal failure, symptoms will not be produced until 
the blood urea has risen to 200 mgm. per 100 c.c. of blood. 

The amount of urea in the blood is usually estimated by hydrolysing 
urea in a protein-free filtrate of the blood to be examined. The urease 
present in powdered soya bean is employed to produce hydrolysis and 
a modified form of Kessler’s reagent is used in the. subsequent distilla- 
tion process. The amount of urea is calculated after comparison with a 
standard in a colorimeter. For exact details the reader should refer to 
standard books on biochemistry. For determining the urea content of 
blood by the method outlined above only 0-2 c.c. of blood is required, 
but in the absence of any arrangement with a biochemist it is a safe 
plan to send 5 c.c. of citrated blood. 

On clinical grounds alone, e.g. a history of nephritis or other cause of 
renal failure, a history of recent polyuria, and the presence of albumin- 
uria, together with one or more of the classical manifestations of 
uraemia, it is often possible to make an accurate diagnosis; but until 
this has been corroborated by a report on the chemistry of the blood 
such a diagnosis must be, to some degree, speculative. When the patient 
is already in coma at the first examination the dfficulty of diagnosis 
may be considerable as coma may result from cerebral vascular change 
accompanying nephritis. When there is any doubt venesection or 
lumbar puncture should be carried out as these may be of great help 
if coma is of hypertensive origin although they are probably useless in 
true uraemia. 


8-TREATMENT 

Whenever possible, treatment should include measures calculated to 
remove the cause of the renal failure. Apart from this it must con- 
sist in the correction as far as is possible of the abnormal chemical 
phenomena. 

In view of the nitrogen retention, exogenous sources of urea, such as 
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protein food, must be reduced to a minimum, and dehydration must 
be avoided by maintaining a high fluid intake. The diet should include 
abundant fluids in the form of water and fruit-juice and the calorie 
value of the diet should be maintained chiefly by readily assimilated 
carbohydrate such as sugar and starch. A lowered alkali re5er\^e may AB 
be corrected by the administration of sodium bicarbonate either by 
mouth or parenterally. Hypocalcaemia can be largely corrected by the 
administration of calcium lactate in large doses or, if the symptoms Ca 
are urgent, by the intravenous or intramuscular injection of calcium 
gluconate. Constipation, if present, should be treated preferably by Api 
the use of salts, but in the treatment of this or any other manifestations 
of uraemia it must always be remembered that elimination is difficult 
and, in consequence, potent substances such as morphine wiE tend to 
produce prolonged effects and must consequently be used with caution . 

The uselessness of venesection, apart from its value for the rehef of 
hypertensive phenomena, has already been emphasized. Methods for 
facEitating the elimination of urea, such as purgation and sweating, 
must not be Eghtly condemned. The use of pilocarpine has been virtually 
abandoned but sweating can in some cases be encouraged with symp- 
tomatic and actual benefit to the patient, tepid sponging and gentle 
radiant baths being the methods of choice. 

Total suppression of urine is rare but always extremely grave; it can Toi 
sometimes be overcome by the complete withdrawal of all fluids for 
eight hours, foEowed by the sudden administration of a full pint of 
w^ater; when this fails intravenous injection of hypertonic saEne is 
sometimes effective, and in extreme cases substances such as cane sugar, 
which are themselves inert but call for total elimination by the renal 
system, wiE sometimes, when given intramuscularly, produce diuresis. 
The mercurial diuretics are rarely, if ever, of value and decapsulation 
of the kidneys has not yielded results justifying its adoption. 


REFERENCES 

.Bradford, J. R. (1892) Proc. roy, Soc.^ 51, 25, 

Bright, R. (1833) Land, med, Gaz-^ 12, 380. 

Mason, M. F., Resnik, Jnr., Minot, A, S., Rainey, J., PEcher, C., and 
Harrison, T. R. (1937) Arch, intern. Med., 60, 312. 

Piorry, P. A., and L’Heritier, D. (1840) Traite des alterations du sang, Paris. 
Widal, F., and Javal (1903) C. R. Soc. Biol. Paris, 55, 1639. 



URETHRA. DISEASES 


By Sir GIRLING BALL, F.R.C.S. 

Surgeon, St. Bartholomew’s Hospital, London 

AND 

W. E. UNDERWOOD, M.B., B.Chir., F.R.C.S. 
Casualty Surgeon, St. Bartholomew’s Hospital, London 


1. IN MALE 

_ _ 

— 

— 

PAOE 

386 

(1) Anomalies - 


- 

- 

386 

(2) Injuries 

- 

- 

- 

387 

(3) Inflammations 

- 

- 

~ 

388 

(4) Strictures - 

- 

- 

- 

389 

(5) Fistulae 

- 

- 

- 

390 

(6) Calculi 

- 

- 

- 

391 

(7) Tumours - 

- 


- 

391 

(8) Urethral Shock or Fever 

- 

- 

391 

2. IN FEMALE 

— _ 

- 

- 

391 


Reference may also be made to the following titles: 

ENDOSCOPY OF THE UROGENITAL ORGANS, 

URINARY TRACT ABNORMALITIES 

GONORRHOEA VULVA AND VAGINA DISEASES 


1 -IN MALE 

(1) — Anomalies 

Congenital atresia of the urethra 

1573.] Congenital atresia of the urethra is rare and is incompatible 
with life unless diagnosed at an early stage. In partial atresia a con- 
genital valve of the posterior urethra occurs as a diaphragm of mucous 
membrane in the region of the verumontanum and forms a valve, 
which obstructs the outflow of urine but not the passage of a catheter. 
The condition is generally diagnosed in the late stages when the urinary 
tract shows gross evidence of back pressure. Surgical treatment by 
removal of the obstruction offers a poor outlook; the patient rarely 
reaches adult life. 

Hypospadias and epispadias 

These are discussed under the title Urogenital Organs, Abnorm- 
alities, pp. 403 and 405. 
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(2) — Injuries 

Rupture ot the urethra is caused by severe blows in the perineum or Rupture 
as a result ot fracture of the pehis. In the absence of injury, spontaneous 
rupture may result from ulceration of the urethra behind a stricture. 

Diagnosis is readily made by the passage of blood from the urethra! Traumatic 
orifice after a recent trauma: there is also, not uncommonly, an intense 
desire to pass urine. Evidence of fracture of the pelvis may or may not 
be obvious. If the tear is in front of the triangular ligament there is 
usually bruising, varying in degree from a localized area to a large 
haematoma of the scrotum; but if behind that point, there may not be 
any local signs. 

Treatment should be immediate. The patient should be persuaded to Treatment 
avoid any attempt to pass urine, as this would be followed by extravasa- 
tion of the urine into the tissues with its sequelae and complications. 

An attempt should be made to pass a catheter into the bladder. If this 
is successful, the rupture of the urethra is in all probability only partial 
and may be satisfactorily treated by an indwelling catheter for a short 
time; if, however, the attempt is unsuccessful, an extensive or complete 
rupture of the urethra should be anticipated. In these circumstances an 
immediate operation should be carried out, consisting of a suprapubic Operative 
cystotomy combined with an exploration of the site of rupture through 
the perineum and reconstruction of the torn ends of the urethra over 
an indwelling catheter. In the presence of extensive bruising of the 
perineum it may be difficult to locate the proximal end of the torn 
urethra. Its position can be defined, as a rule, by passing a catheter 
through the internal opening of the bladder into the perineum. After 
fracture of the pelvis the prostatic urethra may be completely severed, 
the prostate being avulsed from the region of the deep layer of the 
triangular ligament. This damage can as a rule be recognized through 
the suprapubic wound, after clearing blood-clot collected in the space 
of Retzius. If it is not possible to suture the damaged ends of the 
urethra through the wound, the proximal end of the tom prostatic 
urethra may be approximated to the anterior urethra by an indwelling 
catheter fixed by a flange over the top of the prostate, holding the 
ends in apposition by continuous traction on the catheter passing out 
through the external urinary meatus. 

In many cases rupture of the urethra is followed by peri-urethral After<are 
fibrosis and the formation of a stricture. This can be avoided by 
immediate operation after the accident, early removal of the indwelling 
catheter and, in less successful cases, by rigid after-care consisting of 
regular dilatation of the urethra, even in the absence of ob\ious stenosis 
at the time. 

Extravasation of urine is a serious complication of pathological or Extravasation 
traumatic rupture in which there has been an attempt to micturate. 

The patients are usually extremely ill, with oedema of the perineum, 
scrotum, and penis, which eventually extends into the lower abdominal 
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wall but is prevented by fascial planes from passing into the thighs. 
In tears of the prostatic urethra this extravasation may not be dis- 
covered until the suprapubic region is explored. 

In the treatment of extravasation the following principles should be 
adhered to: (i) a free passage of urine must be secured by suprapubic 
cystotomy; (ii) free drainage of the fascial planes of the scrotum, 
perineum, and other areas involved should be provided by multiple 
large linear incisions; and (iii) repair to the urethra should be postponed 
until general health permits, unless the passage of a catheter is possible, 
when it should be left in the urethra. 

Attention to the general health of the patient is the most essential 
part of the treatment. If the condition of the patient allows, perineal 
baths may be given in addition to the usual treatment of open incisions. 
Unless the cause of the extravasation is treated either at the time or 
at the earliest possible opportunity, a urinary fistula is liable to follow. 
(See also section on fistula, p. 390.) 

(3) — ^Inflammations 

Non-venereal inflammations are caused by organisms other than the 
gonococcus acquired during coitus. The organisms are varied, and 
among the more common are staphylococci, diphtheroids, streptococci, 
and Bact. coli. 

Treatment is similar to the local treatment for gonococcal urethritis 
(see Vol. VI, p. 19). Mercuric oxycyanide solution 1 in 6,000 is a useful 
irrigating medium in place of the orthodox potassium permanganate. Not 
uncommonly, however, these cases are unusually resistant to treatment. 
Chemical urethritis is usually caused by (i) prolonged local treatment 
of the urethra or its too frequent use, or (ii) the use of too strong 
chemical solutions in the prophylactic or abortive treatment of an 
early acute gonococcal urethritis. These cases rapidly respond to the 
cessation of all local treatment and free diuresis. 

In the absence of any extrinsic cause for the urethritis, careful search 
should be made for a local cause, of which foreign bodies and urethral 
and prostatic calculi are the most common. Rarely urethral discharge 
may be produced by infection of the bladder or upper urinary tract. 
Peri-urethritis and peri-urethral abscess are often associated with 
acute gonorrhoea or stricture of the urethra. In the early stages the 
condition may be felt as an oedematous thickening around the urethra, 
in which fluctuation eventually appears. The abscess is situated either 
in front of or behind the scrotum, never behind the central point of 
the perineum, and very rarely to one or other side of the middle line. 
The position alone is almost sufficient to make the diagnosis. 

Mild cases of peri-urethritis often respond to treatment of the local 
cause, e.g. stricture, or conservative treatment by hot baths and the 
local application of heat. If gross suppuration has occurred, drainage 
is essential; care should be taken to avoid damage to the urethra, 
which may be running through the centre of the abscess cavity, or a 



fistula will result; this may also occur if any predisposing cause, such 
as stricture, is not treated at the same time. 

Spermatorrhoea is a common cause of an.\iety in patients. A thick Spermator- 
milky discharge occurs during defaecation or straining, or occasionally 
at the end of micturition. A similar discharge is often noticed after 
erection of the penis. The history’ in these cases is usually sufficient to 
make the diagnosis which may be confirmed, if desired, by microscopic 
examination of the secretion. The treatment is on general lines, especially 
reassurance. 

(4) — Strictures 

So-called spasmodic strictures are invariably associated with an acute Spasmodic 
inflammatory condition of the urethra or accessory’ organs, such as the 
prostate, seminal vesicles, and the bulbo-urethral (Cov-per's) glands 
and may result from the attempted passage of instruments. Except as 
a last resort, instrumentation should be avoided. Attention should be Treatment 
directed to the local condition, e.g. drainage of a prostatic abscess. 

When this is not feasible, more generalized treatment by hot baths or 
the administration of sedatives is generally sufficient. 

Traumatic strictures may be diagnosed by a history of injury and Traumatic 
their position in the membranous urethra or the bulb; they are rare in 
the penile urethra. These strictures are generally long and of the so- 
called tubular type. For this reason, and owing to the large mass of 
fibrous tissue surrounding the urethra, treatment is often difficult. 

Inflammatory strictures are invariably due to gonococcal infection and inflammatory 
are often shorter, of the so-called diaphragm type. Treatment is easier 
than in the traumatic type. The forms of treatment are described below. 

Meatal strictures of the external urinary meatus, occasionally associ- Meatal 
ated with primary chancres but more commonly with chancroids, are 
easily diagnosed but respond less readily to dilatation than do other 
strictures. A linear meatotomy may be required. 

Malignant strictures are generally at the external urinary meatus but Malignant 
occasionally elsewhere in the urethra. 

Signs and symptoms 

Difficulty in micturition, associated with the passage of a thin stream 
of urine, is the prominent symptom. There may, however, be extreme 
narrowing of the urethra associated with retention of urine before the 
patient comes for treatment. Very dense fibrous strictures may be 
palpable externally along the line of the urethra, but the diagnosis is 
only confirmed by the passage of a bougie into the lumen of the urethra 
to a point of obstruction, or by seeing the stricture through the urethro- 
scope. When passing bougies it is important to start with one of large 
calibre and work down to the smaller sizes, to avoid damage to the 
urethra and the possibility of the instrument being held up in a false 
passage. The hold up of an instrument in a false passage instead of in 
the lumen of the stricture is readily diaguosed by the fact that it is not 
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gripped when an attempt is made to withdraw, a sensation usually 
present with the instrument in the lumen of a stricture. 

Treatment 

Urethroscopic orientation of the orifice of the stricture in relation to 
the lumen of the urethra, as well as the position of any false passages, 
is of the first importance in the careful treatment of stricture. Should 
there be difficulty in engaging an instrument in the orifice of a stricture 
owing to false passages, the mouths of any false passages may be 
deliberately obliterated by passing a bougie or bougies into their 
lumen, the subsequent bougie passing along the first, unimpeded, into 
the stricture lumen. 

In the more hopeful cases repeated dilatation of the stricture yields 
good results; frequent dilatations with small increases of calibre, 
rather than excessive stretching at one sitting, is the method of choice, 
the latter method tending to produce a tear in the stricture and a 
resulting increase in the already existing fibrosis; the degree of stretching 
and length of intervening intervals vary and must be assessed in each 
case. When a more rapid dilatation of the stricture is desirable, an 
indwelling bougie should be used, around which the patient passes 
his urine, the bougie being replaced daily by one of greater calibre. 
The patient must be in bed. 

In cases in which the stricture is so hard that dilatation by one of the 
above methods is not possible, or in the resilient type which contracts 
immediately after dilatation, treatment may be effected by an internal 
urethrotomy, followed by dilatation. 

Excision of a stricture is the ideal form of treatment since, if union 
by first intention can be secured, after-dilatation is unnecessary. The 
scope of the operation, however, is limited, as it is only applicable to 
the short diaphragm type of stricture in the bulbous portion of the 
urethra. Longer strictures in this region, or even the diaphragm type 
in the penile urethra, when treated by excision are liable to be followed 
by a downward chordee during erection. 

Impassable strictures vary in their incidence with the patience and 
skill of the operator. In such cases, however, treatment must be 
an open operation or external urethrotomy, followed by subsequent 
after-dilatation. 


(5) — Fistolae 

Urethral fi^stulae are found along the ventral aspect of the urethra 
and anterior portion of the perineum but may occur in more remote 
situations. The diagnosis is obvious, but it is essential to differentiate 
the fistulae with their internal orifice above the vesical sphincter, in 
which urine leaks continually and not only during micturition, as in 
the more favourable cases with their internal orifices more distal. 
The common causes of persistent fistula are: (i) obstruction distal to 
the internal opening of the fistula, e.g. stricture; (ii) epithelialization 
of the fistulous track; (iii) ri^dity of the walls of the track; and (iv) 



)iiiinunication of fistulous tracks with cavities containing indolent 
•anulation-tissue. 

The treatment is on general surgical lines directed towards one of Treatnient 
le above causes. 

)) — Calculi 

True urethral calculi are generally composed of phosphates and occur True urethra! 
1 a small sacculus connected with the urethra, making removal 
hrough a urethroscope extremely difficult; operation through a perineal 
pproach is generally necessary. 

Migrating stones, composed of uric acid, calcium oxalate, or other ^f^grawlg 
ubstances, and coming from a higher level in the urinary tract, may 
)ecome impacted in the urethra, usually in the fossa na\icuiari 5 , from 
vhich they are readily removed by dilatation of the meatus or, if 
lecessary, meatotomy. They may become impacted in the prostatic 
irethra, the symptoms being those of acute retention of urine. In this 
:)osition they may be pushed back into the bladder or be remo\ed 
:hrough a posterior urethroscope. Open operation may be required, 

[7) — ^Tumours 

Papillomas are occasionally seen in the posterior urethra, often Papillomas 
associated with a previous attack of posterior urethritis. Similar, 
although rarer, cases not associated with a previous inflammation 
but sometimes accompanying bladder papillomas also occur. Haemai- 
uria suggests the diagnosis. They are recognized by urethroscopy. 

Both types are readily treated by diathermy. Massi\ e carcinoma of the Treatment 
urethra is rare. 

(8) — ^Urethral Shock or Fever 

Urethral shock or fever occurs in a small percentage of cases after 
an instrument has been passed along the urethra. Immediately after 
the passage of the instrument the patient may show a subnormal 
temperature, rapid pulse, pallor and vomiting, and rarely death has 
resulted; at a later stage there are malaise, raised temperature, or even 
rigors. The condition is best avoided by extreme gentleness of technique. Treatment 
and the patient should go to bed and take plenty of hot drinks as soon 
after the instrumentation as is conveniently possible. 

2 “IN FEMALE 

1574.] Morbid conditions of the fem ale u rethra are less common than 
those of the male, stricture, peri-urethral abscess, and such conditions 
being extremely rare. In view of its position, the female urethra is very^ Injury 
rarely injured, except during labour. In these cases, however, the vesical 
sphincter frequently remains intact the brunt of the injury failing on 
the urethra in the region of the triangular ligament; a form of incon- 
tinence known as ‘stress incontinence' (i.e. during coughing or sneezing) 
not uncommonly results. This is due to the fact that the vesical 
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Sphincter in the female is anatomical in its position rather than physio- 
logical in its action. 

Prolapse of the urethra is rare in males but relatively common in 
females. It often follows an attack of cystitis but occasionally occurs 
in young girls, in whom there is no history of previous urinary infection. 

Acute urethral pain and dysuria readily draw attention to the condi- 
tion. On examination, the prolapsed ring of mucous membrane wiU 
be seen surrounding the urethral orifice, grossly oedematous and, in 
the later stages, even gangrenous. 

Replacement is seldom possible, the condition being most readily 
treated by excision of the cuff of prolapsed mucous membrane with 
end-to-end suture of the raw edges. The results of this operation are 
excellent. 

Urethrocele is a rare congenital condition, most commonly acquired 
as a result of injury to the urethra during intra-urethral manipulation 
or forceps delivery in the female. The prominent symptoms are referred 
to the urethra as pain during, or dribbling after, the act of micturition, 
especially if complications such as infection or calculus formation have 
occurred. The condition is diagnosed as a swelling, often tender, along 
the ventral aspect of the urethra, from which urine may be expressed. 
In the acquired type the differential diagnosis from a peri-urethral 
cavity lined by granulation-tissue may only be possible at operation. 
Treatment, in those cases causing symptoms, is directed in the first 
place towards the superadded inflammation, if this has occurred, but an 
effective cure may be only brought about by excision of the urethrocele. 

For caruncle see Vulva and Vagina Diseases, p. 611. 
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See Endoscopy of the Urinary Tract, Vol. V, p. 21 



URINE EXAMINATION 


By J. DOUGLAS ROBERTSON, D.Sc., Ph.D., M.D., D.P.H. 
Clinical Chemical Pathologist, Middlesex Hospital, Lontson 


1. COLOUR _ - - 

— 


- 

PAGE 

394 

(1) Pigments _ - - 

- 

- 

- 

394 

(2) Drugs _ _ _ 

- 

- 

— 

394 

2. QUANTITY - - - 

- 

- 

- 

394 

3. SPECIFIC GRAVITY - 

- 

- 

- 

395 

4. REACTION _ _ - 

- 

- 

- 

395 

5. ALBUMIN AND BLOOD 

- 

- 

- 

396 

6. CASTS _ - - - 

- 

- 

- 

396 

7. CHEMICAL CONSTITUENTS - 

- 

- 

- 

397 

(1) Oxalates - - - 

- 

- 

- 

397 

(2) Chlorides - - - 

- 

- 

- 

397 

(3) Sulphates - - - 

- 

- 

— 

397 

(4) Urea _ - - 

- 

- 

- 

397 

(5) Uric Acid - - - 

- 

- 

- 

398 

(Q Bile - - - 

- 


- 

398 

(7) Ketone Bodies 

- 

- 

— 

399 

(8) Alcohol and Sugar - 

- 

- 

— 

399 

8. TESTS OF RENAL FUNCTION 

- 

- 

- 

399 


Reference may also be made to the following titles: 


ALBUMINURIA 
ALKAPTONURIA 
CYSTINURIA 
DIABETES INSIPIDUS 
DIABETES MELLITUS 
GLYCOSURIA 

HAEMATOPORPHYRINURIA 

HAEMATURIA 

HAEMOGLOBINURIA 

INDICANURIA 

KETOSIS 


KIDNEY, SURGICAL 
DISEASES 

NEPHRITIS AND NEPHROSIS 
OXALURIA 
PHOSPHATURIA 
PYELITIS 

TOXICOLOGY; HOMICIDAL, 
SUICIDAL, AND ACCI- 
DENTAL POISONING 
URAEMLA 


393 



394 


URINE EXAMINATION 


[voL. xn 


Normal 

colour 


Abnormal 

coloration 


Melanogen 


1-COLOUR 

(1) — Pigments 

1575.] The colour of normal urine may vary from a pale straw to a 
dark brown but it is usually amber. It depends on the presence of the 
pigments urochrome and uroerythrin, and as a rule these pigments 
give their characteristic colour to crystals precipitated from the urine 
such as urates, uric acid, and phosphates. 

In morbid conditions various other pigments, such as urobilin and 
bilirubin, may be present in the urine, giving it a dark brown to green 
colour; free haemoglobin gives a reddish-black colour, haematopor- 
phyrin a burgundy-red tint, and red cells a smoky appearance. 

In melanomas and very rarely in intestinal obstruction urine may 
contain a colourless substance known as melanogen. A urine containing 
this substance is usually normal in colour when voided but assumes a 
dark brown or black colour when exposed to air by conversion of 
melanogen to melanin. This reaction may be hastened by the addition 
of some oxidizing agent, such as bromine water, potassium bichromate, 
or nitric acid. The development on standing of a black pigment in 
urine has also been described by Hale White and Janmahomed in 
their study of urines in cases of pulmonary tuberculosis. The nature 
of this pigment they were unable to determine. 


(2) — ^Drugs 

Urine may be coloured by various drugs, such as aniline dyes, taken 
by mouth. A yellow colour may be due to rhubarb, senna, or santonin; 
a blue colour to ingestion of methylene blue; and a brownish-green 
colour to phenol or its derivatives. A reddish alkaline urine which 
becomes colourless on addition of acid probably results from the 
ingestion of phenolphthalein. Sulphonamide compounds have a tend- 
ency to cause the urine to assume a reddish colour. 


2-QUANTITY 

The volume output of urine depends on two factors, namely, the 
amount of fluid supplied to the body and the amount lost through 
Fluid intake extra-renal channels. The organism receives fluid from three sources: 

(i) ingested fluid; (ii) ingested solids: the water content of many solid 
foods is very high, thus tomatoes contain more water than milk weight 
for weight; and (iii) metabolic water, or that which arises from com- 
bustion: the combustion of 100 grams of starch, glucose, and fat gives 
rise to 55-5 grams, 60 grams, and 110 grams of water respectively. The 
Fluid output kidneys normally excrete more than half the fluid eliminated, the 
remainder being eliminated by expiration, sweat, and faeces. 

Con^isan Normally the total fluid obtained from solid foods and combustion 
^ is equal to the fluid lost through extra-renal channels, and this equals 
about 700 grams. Therefore the volume of fluid ingested as liquid is 
normally equal to the volume of urine passed, and this averages above 



DUU C.C. in iwemy-iuur nuurb. ouuci iiuiiucn i-unuuiuua u ja v-.n-imi an 
rror of 5 per cent to consider the fluid ingested as the fluid intake and 
he total fluid output as the urine output: but in abnormal conditions, 
uch as excessive perspiration, diarrhoea, vomiting, or profuse purulent 
iischarge, this relation does not hold good. 

Normally the urine output is i 500 c.c. in twenty-four hours or roughly 
[ c.c. per minute. Polyuria is said to be present if the urine passed increased 
;xceeds 2500 c.c. in twenty-four hours. It occurs in the following diseases: 
liabetes mellitus, diabetes insipidus, chronic interstitial nephritis, the 
recovery period of nephritis or heart failure with oedema, and neurosis. 

Oliguria is present in fever, nephritis of the acute type or with oedema. Diminished 
:ardiac failure, diarrhoea, and persistent vomiting. output 


3.-SPECIFIC GRAVITY 


The specific gravity of the urine depends on the presence or absence 
of dissolved constituents. Thus to raise the specific gravity by 0-001 at 
15° C. the following quantities of various substances would have to 
be added to 100 c.c. of urine: urea, 0-36 gram: glucose, 0-27 gram: 
sodium phosphate, 0-38 gram; disodium phosphate, 0-10 gram; 
sodium chloride, 0T5 gram; sodium sulphate, 0-14 gram; and 
albumin, 0-39 gram. So massive an albuminuria as 1 per cent would 
only raise the specific gravity by 0-003. Normally the specific gravity 
lies between 1-015 and 1-025 at 15° C. It is necessary to make a tempera- 
ture correction in the following way: for every' 3 degrees above 15° C. 
add 0-001, and for every 3 degrees below 15° C. subtract 0-001. The 
specific gravity is very much raised in the highly concentrated urines Diseases 
of fever and acute intestinal obstruction and in diabetes mellitus. In 
diabetes insipidus and in severe renal impairment the specific gravity gravity 
is very low. 


4.-REACTION 


The urine of a healthy person may be acid, neutral, or alkaline through- 
out the day, depending upon factors such as the nature of the food Factors 
and the time of its ingestion. The reaction is determined by employing reaction 
red and blue litmus paper: an acid urine turns blue litmus red, and an 
alkaline urine the reverse. These changes are clearly seen when the 
pH of the urine is definitely acid (5-4 or lower) and when it is definitely 
alkaline (7-8 or higher). Generally the urine of carnivorous animals is 
acid and that of herbivorous animals alkaline, but either type may 
alter the acidity of its urine by changing its diet. In a normal healthy Add wine 
individual the urine is acid after fasting, after digestion of protein as 
a result of production of sulphuric and phosphoric acids, and after 
the ingestion of ammonium chloride. The urine may become alkaline Alkaline 
after any meal to counteract the loss of free acid into the stomach, 
and after the ingestion of alkalis such as sodium bicarbonate. There is 
no significant or characteristic change in the reaction of the urine in . 
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disease. The deposit which forms in an acid urine is chiefly composed 
of urates and uric acid: that in an alhaline urine, of phosphates. 

. 5.-ALBUMIN AND BLOOD 

Albumm 

(See Vol. I, p. 273.) 

In testing for albumm, or more correctly protein, the occurrence of the 
Bence Jones proteose must be remembered. This proteose is precipitated 
by heat at 50'' to 60"" C., whereas albumin precipitates at over 90" C., 
but the Bence Jones proteose redissolves at the boiling point of w^ater 
and comes dowm again in the cold. It is found in 80 per cent of patients 
with multiple myeloma, and also occasionally in chloroma, tuberculous 
arthritis, leukaemia, and multiple bone metastases from carcinoma. 

Blood, including haematuria and haemoglobinuria 
For classification and clinical aspects of haematuria see Vol. YI, p. 97. 
Apart from the detection of red blood-cells microscopically, the 
most satisfactory chemical test for haematuria and haemoglobinuria is 
carried out in the following way: 

To 1 c.c. of urine is added 0-5 c.c. of glacial acetic acid and the mixture 
boiled and cooled. If blood is present, haematin acetate is formed; 1 c.c. of 
ether is now added and the mixture inverted several times. The ethereal layer 
is allowed to separate; this may be assisted by the addition of a few drops 
of w^ater to the test-tube without shaking. The ethereal layer is pipetted to 
another test-tube containing a mixture of a few drops of tincture of guaiacum 
and 1 c.c. of ozonic ether. A blue colour develops in the presence of blood. 

This test is specific for blood and excludes such substances as iodides, 
pus, and other compounds which give a blue colour when added to 
tincture of guaiacum and ozonic ether. 

6~CASTS 

The origin of casts is not known with certainty. They are probably 
derived from protein in the urine, the coagulation occurring in the 
tubules as a result of some vascular lesion in their walls. Granular, 
epithelial, fatty, and lipoid casts contain remnants of tubular epithelium 
in various stages of degeneration. The following types of casts are 
recognized: (i) hyaline: pale, transparent, and homogeneous; (ii) 
granular: packed with renal epithelial cells; (iii) epithelial: containing 
cells from renal tubules and the precursors of the granular casts; (iv) 
fatty: epithelial casts with fat droplets, found in severe degeneration 
of the renal epithelium; and (v) waxy: similar in appearance to hyaline 
casts but longer and broader; these probably arise from hyaline casts 
by condensation as a result of long stay in the tubules. They are found 
not only in amyloid disease but also in severe degenerative lesions. 
Much confusion has arisen over the identification and significance of 
amyloid casts. In amyloid nephrosis as a rule the tubules contain casts 
in great numbers, and these casts do not give the staining reactions of 
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amyloid. Casts have, however, been detected in amyloid nephrosis 
which do give the amyloid staining reaction, and it is probable that this 
is explained by the fusion of the basement membrane of the tubule 
with the epithelial cells, the whole mass then being cast off. 

The significance of casts has long given rise to controversy. A few Sipiificance 
hyaline casts have probably no significance and are often found in 
benign albuminuria. Granular, epithelial, fatty, and waxy casts, how- 
ever, all point to chronic degeneration. 


7 “CHEMICAL CONSTITUENTS 

(1) — Oxalates 

(See OxALURiA, Vol. IX, p. 343.) 

(2) — Chlorides 

Chlorides are excreted in the urine chiefly in combination with sodium 
but also in small amounts with potassium, ammonium, and magnesium. 

The daily output is about 15 grams of chloride expressed as sodium Normal 
chloride, so that the concentration in the urine is roughly OT gram 
per 100 c.c. Chlorides are introduced into the body chiefly in food 
and as sodium chloride. The output of chlorides is diminished in Diminished 
pneumonia at the crisis and for the twm succeeding days; also in febrile 
conditions, nephritis — particularly when oedema is present, typhus and 
rheumatic fevers, and in malnutrition when the intake by the mouth 
is low. Increased output of chlorides during the rapid absorption of Increased 
exudates from the body has been described. 

Chlorides can easily be detected by the addition of nitric acid and Detection 
silver nitrate to the urine. Normally a heaxy white precipitate appears, 
but in conditions associated with a diminished output a mere turbidity 
is present. 


(3) — Sulphates 

Sulphates are excreted as inorganic sulphates chiefly combined with 
sodium and potassium and as ethereal sulphates in combination with 
phenol and indoL The synthesis of these ethereal sulphates has been 
described in the article Indicanuria (see Yol. VII, p. 111). The normal 
daily output of sulphur is about 1 gram. The output is increased in Increased 
acute toxic hepatitis, in fevers such as smallpox, tophus, and pneu- 

monia, and in diabetes. The output is diminished in nephritis and Diminished 
1 output 

amyloid disease. 

Sulphates may be tested for by adding to the urine first acetic acid to Detection 
avoid precipitation of phosphate and then a solution of barium chloride, 

A white precipitate indicates the presence of sulphates. 


(4) — ^Urea 

Urea represents the ultimate product of protein metabolism. It is 
formed almost exclusively in the liver but a small amount appears to 
be formed elsewhere in the body. A normal adult on an ordinary diet 
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containing about 80 grams of protein a day excretes about 30 grams 
of urea in the urine in twenty-four hours. On a normal volume output 
of 1500 c.c. this would make the concentration of urea in the urine 
about 2 grams per 100 c.c. Conditions such as a large intake of nitro- 
genous food, excessive break-down of protein tissues through exercise, 
acute fevers, and diabetes mellitus promote a loss of urinary urea 
greater than normal. The output of urea is diminished by a low protein 
intake, nephritis, and acute necrosis of the liver. 

(5) — Uric Acid 

The excretion of uric acid is less than 1 gram daily, or only 5 per cent 
of the total nitrogen in urine, but in birds and reptiles uric acid is the 
chief nitrogenous constituent. The uric acid excreted is derived from 
two sources, exogenous and endogenous, in about equal amounts. 
After a large intake of uric acid by mouth only a small amount of it is 
excreted in the urine, and it seems probable that uric acid is destroyed 
in the body. The output of uric acid is increased in pneumonia, leuk- 
aemia, in any condition associated with marked leucocytosis, and in 
pernicious anaemia. In gout it is believed that for a few days before 
the attack the excretion of uric acid falls and after the attack the output 
is increased. 

Uric acid may be precipitated from the urine in the form of so-called 
"cayenne pepper’ crystals which have a characteristic appearance 
microscopically. A chemical test known as the murexide test can also 
be employed in its detection; this consists of adding a drop of nitric 
acid to the crystals and evaporating to dryness on a water-bath. A 
reddish spot appears and becomes deeper in colour on addition of 
solution of ammonia. 

(6) — BUe 

The simplest test for bile salts and by far the easiest for clinical 
purposes is Hay’s test, which consists in sprinkling dry flowers of 
sulphur on the surface of the fresh cool urine in a glass beaker, employ- 
ing a normal urine as a control. If bile acids are present the flowers of 
sulphur sinks through the urine owing to its lowered surface tension. 
Several tests for bile pigment have been described. The froth test is a 
ver>' simple test consisting of shaking urine vigorously and comparing 
the froth produced with that from a normal urine. In the presence 
of bile pigment a greenish tint will be imparted to the froth, easily 
discernible by comparison with the control. 

The iodine test consists of carefully adding a few drops of 1 per cent 
alcoholic solution of iodine to about 1 c.c. of urine in a test-tube. A 
green ring forms and after shaking the urine becomes green. 

Gmelin’s nitric acid test consists in adding the urine to concentrated 
nitric acid without shaking in order to produce a junction between 
the two hquids. At the point of contact of urine and nitric acid a play 
of colours will appear. 
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(7) — ^Ketone Bodies 

The ketone bodies found in urine are three in number, namely, aceto- 
acetic acid, b-hydroxybutyric acid, and acetone. 

The addition of ferric chloride to a urine containing aceto-acetic acid Aceto-acetic 
produces a Bordeaux red colour. This colour reaction may be inutated ^ff4ile?est 
by the urine of subjects who have ingested salicylates or aspirin. The 
test should therefore be repeated after a sample of urine has been 
boiled vigorously for five minutes. By this process the volatile aceto- 
acetic acid is driven off and a subsequent test should be negative, 

A more sensitive test consists in saturating the urine with ammonium Rotheras 
sulphate, and the addition of a w^eak solution of sodium nitroprusside 
followed by strong solution of ammonia. In the presence of aceto- 
acetic acid a permanganate colour develops. This is known as Rothera s 
test. 

Rothera’s test, but not the ferric chloride test, is positive in the Acetone 
presence of acetone. 

(8) — Alcohol and Sugar 

The alcohol is separated from the urine by distillation. A distillate Detection of 
equal to one-fifth of the volume of the urine is collected. Portions of 
the distillate are tested as follows, (i) For Lieben’s iodoform test 5 
drops of 10 per cent potassium hydroxide solution are added to a few iodoform test 
c.c. of solution and the mixture is heated in warm water for 5 minutes; 

5 per cent iodine dissolved in 10 per cent potassium iodide solution 
is added drop by drop until a permanent brown colour is obtained. 

This colour is discharged by the cautious addition of more 10 per cent 
potassium hydroxide solution. A characteristic smell of iodoform is 
given by alcohol, aldehyde, or acetone, (ii) Two grams of anhydrous 
sodium acetate are added to about 2 c.c. of distillate. An equal volume 
of strong sulphuric acid is added and the mixture warmed. The 
characteristic fruity odour of ethyl acetate denotes the presence of 
alcohol, (iii) To another portion of the distillate three volumes of 
concentrated nitric acid containing 0*5 per cent potassium dichromate 
is added, A blue-violet colour appearing in a few minutes in the cold 
is due to alcohol or aldehyde but is not given by acetone, (iv) To 5 c.c. 
of distillate 1 c.c. of 2 per cent potassium dichromate and 5 c.c. of 
concentrated sulphuric acid are added and the solution is boiled for 
one minute. In the presence of a reducing substance a greenish tinge 
or a pure green colour is produced. 

Tests for sugar in the urine are described in the article Glycosuria, Sugar 
Vol. V, p. 593. 

8.-~TESTS OF RENAL FUNCTION 

The biochemical tests of renal function may be classified as (i) examina- 
tion of the urine; (ii) examination of the blood; (iii) the ability of the 
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kidneys to concentrate and dilute urine; (iv) the effectiveness of the 
kidneys in eliminating introduced substances; and (v) simultaneous 
studies of blood and urine. 

Examination of urine comprises a study of the volume output in 
twenty-four hours, the specific gravity, the centrifugalized deposit, and 
the detection of protein and blood. These examinations have already 
been described in the earlier part of this paper. 

Examination of the blood consists of measuring the concentration 
of various constituents, such as urea, creatinine, uric acid, non-protein 
nitrogen, the plasma proteins, and alkali reserve. 

The third group of tests is carried out by finding if, after a twelve hours’ 
fast and twenty-four hours’ dry diet, the urine can be concentrated to a 
specific gravity of 1*030. Normally this should be possible. The dilution 
test depends upon the ability of normal kidneys to excrete a large volume 
of water three hours after its ingestion. 

The fourth group depends on excretion by the kidneys of foreign 
substances, such as methylene blue, fuchsin, indigo carmine, and 
phenolsulphonephthalein. Normally, 40 to 60 per cent should be 
excreted in the first hour and 20 to 25 per cent in the second hour. 

The simultaneous studies of blood and urine — blood clearance 
examinations — are probably the most accurate, and recently tests 
based on this type of investigation have been popularized by van Slyke 
and his collaborators who have devised a simple formula for renal 
function provided the volume of urine passed exceeds 2 c.c. per minute. 
The formula is: 

mem. of urea in urine i ^ ^ 

— — 7 : 7 -^ri — j X volume in c.c. of urme per minute. 

mgm. of urea in blood 

In normal people the figure is about 75 and to express any result in 
terms of normal (called 100 per cent) it is multiplied by 100/75. These 
observers found that a renal function of under 40 per cent of normal 
four months after an acute attack of nephritis indicates a bad prognosis. 
Uraemia develops if the renal function falls below 10 per cent. 

For alterations made in the urine by malingerers see Vol. VTH, p. 360. 
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1 -KIDNEYS, URETERS, AND BLADDER 

(1) — Ectopia Veskae 

{Synonym, — ^Exstrophy of the bladder) 

See Bladder Diseases, VoL II, p. 398. 

(2) — Diverticulum 

See Bladder Diseases, Vol. II, p. 400. 

(3) — Persistent Patent Urachus and Cysts of the Urachus 

1576,] The bladder is developed from a portion of the primitive yolk 
sac, the cloaca. The allantois, a tube-like outgrowth from the same 
sac, extends from the cloaca out into the primitive umbilical stalk. 
Normally this outgrowth undergoes retrogressive changes and, at 
birth, is represented by a band of connective tissue leading from the 
apex of the bladder to the umbilicus. This band is called the urachus. 
By failure of obliteration of the lumen of the allantois, the urachus 
may remain patent in whole or in part. 

ffatent urachus 

If after birth the lumen of the urachus is complete from the bladder 
to the umbilical cord, urine will escape from the umbilicus. There may 
be only a few drops at each micturition or almost the whole of the 
urine in the bladder may be voided in this way. If the lumen is open 
at the umbilical end but closed at the bladder end there may be a 
constant discharge of mucus at the umbilicus and the tract is very 
liable to become infected. If the lumen is open only at the bladder 
end there will probably be no symptoms, unless at any time there is 
obstruction to the outflow of urine from the bladder, in which event a 
diverticulum from the bladder may develop. If the lumen is shut at 
both ends but remains patent in any other part a urachal cyst may 
form. 

Urachal cyst 

A simple urachal cyst gives rise to a tense swelling, dull to percussion, 
lying in the middle line between the symphysis pubis and the umbilicus. 
It may not appear until early adult life and then the patient may notice 
the swelling or complain of pain in that region. Alternatively the 
swelling may be found in the course of a routine examination. 

The cyst may be mistaken for a distended bladder or an ovarian cyst; 
a catheter should always be passed to exclude the former. These cysts 
are very liable to become infected, and then may cause confusion in 
diagnosis. The localized pain, tenderness, and oedema of surrounding 
tissues will suggest a localized abscess due to other causes, such as 
appendicitis, diverticulitis, or tuberculous peritonitis. A positive dia- 
gnosis will often be made only at operation. 

The treatment of patent urachus and urachal cysts is surgical. In 
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uncomplicated cases excision of the tract or cyst is safe and gives good 
results. In the case of infected cysts, however, it may be unwise to 
attempt primary excision and more cautious measures should be taken 
by primary drainage and excision at a later date. 


2-URETHRA 

1577.] The urethra is developed as an outgrowth from the ventral Development 
portion of the cloaca. Primarily, the anterior urethra is represented by 
a groove in the under surface of the penis, which is gradually converted 
into a canal by fusion of its lips; the proximal portion is closed first and 
the fusion gradually spreads distally. The prostate, Cowper's glands, 
and Little's glands develop as outgrowths from the urethra. 

(1) — ^Double Urethra 

True duplication of the penis and urethra has been reported in a few 
cases only. A more common malformation is a second canal leading 
from the bladder and opening on the exterior of the penis. This 
accessory canal is nearly always dorsal to the normal urethra and 
opens on the dorsum of the penis proximal to the glans. In some cases 
the accessor}^ canal does not reach the bladder but leads from the 
e.xtemal opening to end blindly behind the symphysis pubis. Ventrally 
situated there are occasionally abnormal openings which, w’hen traced Congenita 
backward, join the normal urethra and for this reason are sometimes 
called congenital urethral fistulae. A type of short blind duct, usually 
designated para-urethral duct, opens near the external urinary^ meatus Para-urethra! 
or into the fossa navicularis. These ducts may be single or multiple 
and are common in hypospadias. They are important because they are 
liable to harbour infection, e.g. gonorrhoea. 

(2) — ^Hypospadias 

(a) Definition 

In this condition there has been defective closure of the primitive 
urethral groove so that the external urinary meatus is on the ventral 
surface of the penis proximal to its normal position. 

(b) Types 

The external opening of the urethra may be in any ventral posi- 
tion between the perineum and the glans. The various positions of 
the opening are usually described as glandular, penile, peno-scrotal, 
scrotal, and perineal. 

The glandular is the commonest type and includes all those cases in Glandular 
which the opening is between the normal position and the coronal 
sulcus. The fossa navicularis may be formed and the urethral open- 
ing be within it, but very narrow and contracted. This condition is 
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sometimes described as concealed hypospadias. In other cases the glans, 
which is broadened and flattened from before backwards, has a shallow 
groove with the opening of the urethra at the bottom of it. The glans 
is covered on its dorsal surface by the prepuce which is absent on the 
ventral surface as also is the frenum, and the prepuce is described as a 
hood over the glans. 

In the penile type the opening is anywhere on the ventral surface of 
the penis between the coronal sulcus and the peno-scrotal junction. 
There is generally a shallow groove leading from the opening to the 
glans. The same deformities are present as in the glandular type, namely, 
the flattened glans and the hooded prepuce, but, in addition, a fibrous 
cord extends from the meatus to the glans and draws these two points 
together, producing curvature of the penis. This is noticeable in the 
flaccid condition of the penis but when erection occurs it is most 
marked, producing the condition known as chordee. The farther the 
external meatus is from its normal position on the glans the more 
marked is the chordee. 

In the peno-scrotal type the opening is at the junction of penis and 
scrotum. The same deformities are present and chordee is marked. 

In the scrotal type the scrotum is generally cleft with one testis in 
each half. The penis is very much drawn down and hidden by the 
redundant preputial fold. 

In the perineal type the genital region resembles that in the female and 
a mistake may be made in determining the sex of the infant. The scrotum 
is entirely bifid and, as there may be an associated mal-descent of the 
testes, the two halves of the scrotum resemble the labia majora. The 
penis is small and contracted, resembling the hypertrophied clitoris. 

(c) Clinical Picture 

Only the penile portion of the urethra is affected in hypospadias and 
the normal control of micturition is not influenced in any way. The 
abnormal opening of the urethra, however, is very liable to be small, 
so that symptoms of urinary obstruction may be produced. If a child 
without any obvious deformity complains of difficulty in micturition 
or even acute retention, concealed hypospadias must be borne in mind. 
Other symptoms which may call attention to the deformity are associ- 
ated with the urinary stream or the act of coitus. The stream is directed 
downwards and a male child may have to urinate in the squatting 
position. Owing to the congenital chordee, coitus may be difficult or 
impossible. Finally, in extreme cases, errors may be made in the 
determination of sex and a male child brought up as a female (see 
Vol. V, p. 366). 

{d) Treatment 

Glandular hypospadias and the lesser degrees of penile hypospadias 
may cause no disability to the patient and do not call for treatment. 
The presence, however, of a stricture or, in the more advanced degrees. 
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of chordee and the mal-direetion of the iirinar>- stream will 
surgical treatment. 

Strictures will yield to simple diiaiaiioa but two problems are pre- 
sented by the advanced cases: (i) the ventral cunmure of the penis and 
(ii) the absence of a greater or lesser part of the penile urethra. 

The first thing to be done is an operation with the object of straighten- Straighmmg 
ing the penis, but it is difficult to decide at what age this preliminary 
operation should be undertaken. The younger the child, the smaller the 
parts and the more difficult the operation. On the other hand^ as the 
child grows the deformity becomes more marked and normal develop- 
ment cannot occur. It is probably wise to undertake the first operation Pmmry 
as soon as possible, generally in the second or third year. The penis may 
then be left to develop normally and the second operation done at a 
later date. The straightening operation is simple and performed through Technique 
a transverse incision on the ventral surface of the penis just proximal to 
the glans. All fibrous tissue is excised and the incision sewn up longi- 
tudinally, When the operation is completed the urethral opening is very 
much further from the end of the penis than it was previously. 

At least six months should elapse before any further operative pro- Second 
cedure is undertaken, no matter at what age the preliminan' operation 
has been done. The best age at which to undertake the second operation 
for reconstruction of the urethra is probably after seven years but 
before puberty. At this time the parts will be larger, a measure of 
co-operation will be obtained from the child, and sexual development 
will not have advanced too far, with frequent erections and seminal 
emissions. 

The object of the second operation is to construct a new^ urethra which Reconstruct 
will convey the urinary stream from the abnormal opening to the end ^^ethra 
of the glans penis. The number of different methods which have been 
employed in carrying it out bears testimony to the difficulties of the 
procedure. The principle underlying all the operations is to make a Principle of 
tube of skin, with the epithelial surface on the inside, and plant it 
subcutaneously on the ventral surface of the penis so that it is united 
to the existing urethra at one end and emerges on the glans penis at the 
other. The tube of skin is obtained either by local flaps from the redund- Technique 
ant prepuce, or as a whole or Thiersch graft from some other part of the 
body. A completely successful result may be obtained at one operation 
but strictures and urinary fistulae are very common complications and 
several secondary operations may be necessary before a good result is 
obtained. More than in any other branch of surgery^, the best results 
are obtained by those surgeons who are frequently called upon to 
perform these operations. 

(3) — ^Epispadias 

Epispadias is a deformity in wffiich the urethra opens on the dorsal Definition 
surface of the penis proximal to its normal position. The condition is 
also found in the female, the urethral orifice being above the clitoris. It 
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is much rarer than hypospadias and bears a close relation to ectopia 
vesicae. 

There are two main types of the condition, penile or clitoric, and 
complete. The essential difference between the two is that control of 
micturition is present in the first but absent in the complete form. In 
the penile or clitoric type the urethral orifice is on the dorsum of the 
penis or clitoris, generally near the base. The prepuce is absent on the 
dorsum and the penis atrophic. A groove extends along the dorsum of 
the penis from the meatus to the glans. In the complete form the 
urethra appears to be entirely absent and the bladder opens directly to 
the surface in the region of the symphysis pubis. The pubic bones, as 
in ectopia, are generally not united. Interference with sphincteric control 
of the bladder, due to the malformation, results in incontinence. 

In most cases the diagnosis is obvious but in the more severe degrees, 
especially in females, it may be overlooked. Incontinence may then be 
the only symptom calling attention to the deformity. Disturbances in 
sexual function are often associated with epispadias. The small size 
of the penis and the position of the orifice may make coitus im- 
possible. 

In the penile form, without incontinence, a plastic operation on lines 
similar to those described for hypospadias will produce good results. 
Complete epispadias presents a different problem because the internal 
and external sphincter muscles of the bladder have both failed to unite 
anteriorly. 

Young described, and claims good results for, a radical operation for 
the cure of this condition, consisting in excision of the fibrous tissue 
replacing the muscle fibres of the sphincters, and resuture. This is com- 
bined with a plastic operation. 

(4) — Congenital Obstruction 

Congenital obstruction may be due to urethral occlusion or urethral 
valves. Complete atresia of the urethra may appear in the male or female 
foetus, or there may be an epithelial occlusion at the meatus or in 
the length of the urethra. There will be complete urinary retention in the 
foetus with consequent hydronephrosis and hydro-ureter. Congenital 
valves occur in the posterior urethra and give rise to chronic urinary 
obstruction. The condition is by no means uncommon and now that the 
symptomatology is becoming recognized more cases are diagnosed. 
These valves axe aU situated in the neighbourhood of the verumon- 
tanum. The commonest form consists of two flap-like folds extending 
distally from the lower border of the verumontanum on the floor of the 
urethra, arranged rather like the valves in the venous system so that they 
flap forward and obstruct the urinary flow from the bladder to the 
exterior. As a rule they do not obstruct the passage of an instrument 
from the exterior into the bladder. A similar type of valve may extend 
proximally from the upper border of the verumontanum. The third 
form consists of a diaphragm across the lumen of the posterior urethra. 
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with a small perforation in it which allows a slow exit to the urinary 
flow. 

The obstmctioTi which these valves may produce is variable and Symptoms 
consequently the age at which well marked symptoms develop mav be 
from early infancy to manhood. The symptom-complex is that of chronic 
urinary obstruction resembling that in adults with acauircd urethral 
stricture or enlarged prostate. The bladder first hypertrophies to o\’er- 
come the obstruction but later begins to dilate, does not empty properly, 
and retains an increasing volume of residual urine. This is evidenced by ResLfml 
increased frequency of micturition and distension of the lower abdomen. 

Sooner or later infection gains entry to the stagnant urine in the bladder Infection 
and the symptoms increase, overflow incontinence of urine now being a 
feature. Meanwhile the kidneys and ureters,, as a result of the increasing Hydrc^ 
obstruction, begin to dilate and bilateral hydronephrosis and hydro- 
ureter appear. This is accompanied by a gradual failure of renal function ureter^ 
with increasing uraemic symptoms. 

The complete picture in a child therefore includes dysuria, perhaps 
incontinence with symptoms suggesting chronic nephritis, nausea, 
vomiting, loss of weight, diarrhoea, and oedema. Chronic obstruction 
should be suspected on feeling a distended bladder or draining off a 
large volume of urine by catheterization. 

Radiological examination, after intravenous injection of uroselectan B, Diagnosis 
will generally reveal the gross bilateral hydronephrosis and hydro- Radiography 
ureter. If the condition is far advanced, the kidneys may not excrete 
suflScient dye to outline the pelves and ureters, and in this event cysto- 
scopy and retrograde pyelography should be performed. At the same 
time, a picture of the bladder, filled with the dye, should be taken, 
which will demonstrate the rather funnel-shaped neck of the bladder 
and dilated posterior urethra. Biochemical investigations reveal a high Biochemical 
blood-urea and poor renal function tests (see p. 393). 

The immediate treatment of an advanced case is similar to that of Treatment 
urinary obstruction in the adult, i.e. free drainage of the bladder until 
the kidneys have regained and stabilized their function. It is most 
important that the chronically distended bladder should not be emptied 
at one sitting; the urine should be let off slowly by catheterization and 
then suprapubic drainage instituted. 

The urethral obstruction may be dealt with w'hen the renal function Removal of 
has recovered, but not before. The most satisfactory method is to 
remove the valves with a special small punch but it may be possible 
to excise them from the bladder through a suprapubic exposure. 


3.-MALE SEXUAL APPARATUS 

(1) — Testis 

1578.] Absence of a testis (anorchidism) is a rare anomaly and likely to Absence 
be confused with imperfect descent or atrophy from inherited disease, 
such as s>^hilis. In some recorded cases, however, the testis, epididjmiis. 
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and a portion of the vas on one or both sides have been absent. The 
seminal vesicle and upper portion of the vas are generally present. This 
malformation is often associated with some other deformity, such as 
hypospadias or ectopia vesicae. 

Supernumerary testes have in rare instances been described; Boggon 
(1933) collected twelve examples, of which nine were on the left side. 
They are liable to be confused with the congenital cysts of the processus 
vaginahs. 

The testis is suspended within the scrotum by means of the spermatic 
cord and gubernaculum. In its normal position the epididymis and lower 
portion of the vas lie posteriorly and the upper pole of the testis is 
rotated slightly forwards. Any change in the position of the testis 
about its transverse axis is known as inversion. The commonest ab- 
normality is a forward rotation on the transverse axis so that the epi- 
did}mis comes to lie in front of the testis. The function of the gland is 
in no way interfered with and the condition does not give rise to any 
symptoms. It is only of importance clinically when the testis or epididy- 
mis becomes involved in some disease, such as tuberculosis, when an 
erroneous diagnosis may be suggested if the epididymis and testis are 
confused. 

See also Testis, Undescended, Vol. XI, p. 671. 

(2) — ^Hydrocele 

See Testis and Cord Diseases, Vol. XI, p. 666. 

4.-FEMALE SEXUAL APPARATUS 

Abnormalities of the ovary are dealt with in the article Ovary 
Diseases, Vol. IX, p. 319; of the uterus in Uterus, Diseases and 
Disorders, p. 416; and of the vagina and external genitals in Foetus 
Diseases, Malformations and Monstrosities, Vol. V, p. 365, and 
Vulva and Vagina Diseases, p. 606. 
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SYPHILIS 


l.-DEFINITION 

{Synonym. — Xanthelasmoidea) 

1579.] Urticaria pigmentosa is an uncommon disease consisting of 
chronic macules and nodules varying in colour between brown-yellow 
and brown-red. The lesions redden and swell, i.e. become urticarial, in 
response to friction. The malady most often starts in infancy but its 
development may be delayed until after puberty. 


2.-AETIOLOGY 

The cause is unknown. In the adult form there is often a history of 
toxic influences, hut many patients appear perfectly healthy apart from 
the eruption. Morini believed that intestinal toxaemia, associated with 
hyperchlorhydria and eosinophilia, gave rise to sympathetic hypotonus. 
Although it is true that symptoms of intestinal toxaemia may accom- 
pany the efflorescence of the disease in some adult patients and that 
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such symptoms may persist and be attended by superadded factitious 
urticaria, this view has not received strong support. The onset in 
Scolari’s case was heralded by severe fever, generalized etythema, and 
oedema. Some patches of erythema disappeared entirely but others left 
macules of residual urticaria pigmentosa. At one time the lesions were 
identified with moles because of the pigmentation but this hypothesis 
is of historical interest only, and the records of onset after measles, 
chicken-pox, vaccination, or fright are examples of coincidence. 


3.-MORBID ANATOMY 

The histological picture shows an accumulation of cells in a fine and Histology 
rarefied framework of connective tissue. These ceils are mostly aggre- 
gated round the deeper blood-vessels and among them are usually many 
mast-cells. When oedema is present the lymph spaces are dilated. Oedetruj 
Melanin occurs in the basal layer, in the adjacent corium, and in the peri- Meiamn 
vascular connective-tissue cells; sometimes a little pigment is found in 
the prickle-cell layer. Although most of the colour is due to melanin, 
haematin may be mixed with it in small quantities. It is said that the 
calcium and sodium chloride content of the blood is increased and that Blood 
the coagulation time is shortened. Hollander described wo children in Thymus 
whom the thymus gland was enlarged. 

The mast-cells are the most interesting feature of the lesions. They Mast-celh 
may be present in large masses, as a diffuse infiltration, or as a slight 
increase, or they may be absent. They may be arranged in columns 
between the white fibrous tissue and may be so numerous as to 
constitute mast-cell tumours, in which the cells are often cuboidal as 
a result of pressure. It was originally thought that their presence wus 
essential to the diagnosis but a few Dqjical cases have been described 
in which no trace of them could be found (Quinquaud). The great 
majority of patients, however, show mast-cells in increased numbers, 
not only in the lesions but often also in the intervening apparently 
normal skin. Their significance is unexplained, for they do not show 
any numerical relation to the age of the patch, to the clinical type 
whether macular or nodular, to the depth or character of the colour, 
to the presence of any urticarial element, or to the degree of irrita- 
tion. In those few cases in which the lymphatic glands are enlarged, 
mast-cells have been scattered through the gland, especially in the 
reticular tissue (Little). This lends some support to Frasers \iew that 
these are ‘tissue mast-cells’, derived locally from connective-tissue cells 
or from lymphoid cells, and differing morphologically from blood 
mast-cells’. The same author has demonstrated by repeated biopsies 
that the numbers of these cells vary from time to time and that they 
may be temporarily absent. 



412 


URTICARIA PIGMENTOSA 


[VOL. XU 


Infantile type 

Lesions 


Number of 
lesions 

Distribution 

'Addf type 

Lesions 


4 -CLINICAL PICTURE 

Nettleship described the first recognizable case in 1869, but attention 
was first drawn to the disease some six years later by Morrant Baker 
and Tilbury Fox. From that time until very recently it has been 
customary to divide the affection into congenital and adult types. 
Although this distinction is now realized to be artificial, it may be 
retained for the purposes of description. 

The infantile form of the disease is rarely congenital but the eruption 
starts within the first year of life in the great majority of cases and 
has usually become fully estabhshed before another twelve months 
have passed. The lesions either develop insidiously or appear in several 
showers with accompanying urticaria. Occasionally the first sign may 
be a wheal or a bulla. When the rash has appeared it may be purely 
macular, purely nodular, or may show mixed lesions. These vary in 
size in different cases but are fairly uniform in a particular patient, 
the average diameter being a quarter of an inch although nodules the 
size of a florin are not rare and a few' have attained the dimensions of 
a five-shilling piece. They are rounded or ovoid and are usually dis- 
tributed with their longer axes along the lines of cleavage so that they 
appear, for example, round the neck and parallel to the ribs. Each 
lesion has a definite outline and any irregularity in shape is extremely 
rare. The colour is striking and varies between a brownish-yellow and 
a deep brownish-red. On the trunk a buff, chamois-leather tint is most 
common, but the leg patches often show some lividity. The areas feel 
velvety and soft with some slight thickening in the more nodular 
patches. Their turgescence occurs after friction or may be excited by 
heat, emotion, or fever. This change is accompanied by congestion with 
increased reddening, urticarial swelling, and the formation of bullae 
in 5 per cent of cases. In spite of this repeated swelling the macules 
remain smooth and polished between the attacks, but the frequent 
stretching results in finely corrugated surfaces on the nodules. Factitious 
urticaria can nearly always be elicited on the intervening ‘normal’ skin. 

The smallest number of lesions recorded is two, but they may be so 
copious that most of the skin is covered. They may even affect the 
buccal mucosa and the palate. In most cases the rash first appears 
on the trunk and when fully developed has usually spread only to the 
adjacent parts of the hinbs. The face may be affected but the palms 
or soles only rarely. In the ‘adult’ form the lesions generally appear 
in early adult life as innumerable small freckle-like macules varying 
from one-eighth to one-quarter of an inch in diameter and chiefly 
affecting the trunk. The colour is usually mid-brown to dark brown 
and often contains a suggestion of purple, but the buff tinge present 
in children is never seen in older patients. The same tendency to 
turgescence and factitious urticaria is present. 

Although most dermatologists have considered that the two types are 
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clinically distinct and did not recognize the adult picture as urticaria Comparison 
pigmentosa for many years, the careful researches of Hannay demon- 
strated beyond doubt that the two forms are identical. Thus, it was 
believed that the infantile type was always nodular and the adult upe 
always macular, but both are mostly macular and the division into 
macular, nodular, or mixed forms is largely a matter of turgescence 
and chance. The clinical characters and distribution of the eruptions 
do not differ. Some children have borne only macules and some adults 
only nodules. The sex incidence in both tj-pes is the same, males slightly 
predominating. After the first year of life the incidence at different 
ages is fairly even and there is not any considerable increase at any 
other period of life, as might be expected if adult cases were a tj'pe 
apart. The symptoms also correspond. Itching is very variable although 
it is increased during a turgescent phase. Factitious urticaria may or 
may not be present. Gastro-intestinal symptoms may occur but in the 
vast majority of cases the general health is good and growth and 
nutrition are unimpaired. 


5.-COURSE AND PROGNOSIS 

It was once thought that all the infantile cases recovered spontaneously 
at adolescence. In many the rash gradually becomes less prominent 
and slowly disappears, but examples are on record which have persisted 
into adult life. Blumer’s patient had suffered for forty years. In such 
cases the lesions tend to become less excitable and more definitely 
macular, showing the same picture as those which begin after puberty. 
Although the adult cases may take two years to attain their maximal 
efflorescence, thereafter they seem to persist unchanged throughout life 
except for a gradual lessening of the urticarial element. 


6.-DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

In infancy the disease may be confused, during its period of develop- Diagnosis 
ment, with urticaria or bullous lichen urticatus. The rapid acquisition ig.ji^aria and 
of pigment and resistance to ordinary treatment serve to distinguish bullous lichen 
between them. When the colour is apparent, confusion is most likely 
to occur with multiple moles. In children with verv' few lesions and in From moks 
whom the hairs of moles have not had time to develop, reliance must 
be placed on the turgescence or on biopsy. The lesions redden and 
swell so easily on slight friction that microscopy is really unnecessary. 
Xanthomatous deposits in children are rare and never numerous. The From 
colour should not be confused as there is a difference in the quality 
of the yellow although the depth of colour in both diseases may vary 
greatly. Xanthoma is definitely hard to the touch unless it occurs in 
very thin infiltrations such as are seen in the eyelids. 
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In adult life the eruption is most often confused with secondary 
syphilis in spite of the great irritation. The patches, however, are not 
markedly infiltrated and none of the other signs of secondary syphilis, 
such as sore throat, are present. Also the lesions do not possess the 
curious ill-defined outline of the early syphilitic papules. Turgescence 
and the history will also aid the differentiation. 


7.-TREATMENT 

Any gastro-intestinal disturbance or factitious urticaria should be 
treated on appropriate lines, which generally dispose of these symptoms 
but do not affect the main eruption. Calcium salts, salicin, and X-ray 
therapy have been said to help but their value is extremely doubtful. 
No known treatment will disperse the disease although the use of 
antipruritic lotions, such as alkaline lotion of coal tar, and guarding 
against external and internal stimuli, may help to ameliorate the 
symptoms. 
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The scope of the above title demands that changes in the uterus 
should be considered by themselves, but the reader is reminded at the 
outset that abnormalities of the vagina are frequently combined with 
those of the uterus. 


l.-NORMAL DEVELOPMENT 

1580.] The uterus is formed by the fusion of the lower portions of the 
two Mullerian ducts which when fused are at first solid, canalization 
taking place later from below upwards. In the full-term female child 
at birth, the uterus tends to be C-shaped, and the cervical canal is 
longer than the cavity of the body of the uterus. Towards puberty the 
angle between the axis of the uterine cavity and that of the cervical 
canal widens, and the body of the organ increases in size more rapidly 
than does the cervical portion, so that the proportion is reversed, and 
the cavity measures one and a half inches compared with a cervical 
canal of one inch. 


2.-AETIOLOGY AND CLASSIFICATION 

Von Winckel’s classification of uterine abnormalities offers a systematic 
explanation of the different types found. It depends upon what is normal 
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for the different stages of development of the organ. It is reproduced 

in modified form below. 

Period 1: first month of intra-nterine life. The NfOllerian ducts are 
formed as solid cords by the junction of the inner ends of the pronephric 



Fig. 2S. — Rudimer.taio litenis 

iThis and Figs. 52 and 34 b> courtesy of Professor D. Dougah 


and mesonephric tubules. Anomalies, (i) Both ducts may be absent 
(complete absence of the uterus), (ii) One duct may be absent (uterus 
unicornis). 

Period 2: second month of intra-uterine life. The Mullerian ducts 
have united in part of their extent into the genital cord, and canalization 



Fig. 29. — Accessoo' uterine horn 


has begun. Anomalies, (i) The two ducts may remain completeh 
separate (uterus duplex separatus, or uterus didelphys). In the mos' 
extreme degree of this there are two completely separate and fuii^ 
developed genital tracts (Gemmell and Paterson), (ii) There may 
absence of canalization of the separated or united ducts (uterus rudi 
mentarius, duplex, bicomis, or simplex) (see Fig. 28). (iii) There may h 


Third and 
fourth month 
foetuses 


Anomalies 
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partial canalization of the separated or fused ducts (uterus rudimentarius 
Urn excavam dapte. bicorrus, or stoplex). W 

present in an imper- 
fect state (uterus uni- 
cornis cum rudimento 
cornu alterius). 

Periods 3 and 4: third 
and fourth months of 
intra-uterine life. Ex- 
ternal fusion of the 
Mullerian ducts ex- 
tends to the points of 
origin of the round 
Ugaments, and the 
septum within gradu- 

ally disappears. 

Fig. 30. — Transverse section of accessor>^ uterine Anomalies, (i) Uterus 

bicomis: septus, with 


Six to ten 

months^ 

foetus 


Anomaly 

First ten 
years 


Anomaly 


Ten to 

sixteen years 


Anomalies 


Accessory 
third horn 


a complete septum; subseptus, with a partial septum; or simplex, 
without any septum, (ii) Uterus introrsum arcuatus (septus, subseptus, 
and simplex), (iii) Uterus planifundalis (septus, subseptus, and simplex), 
(iv) Uterus foras arcu- ^ 

atus, i.e. uterus without ^ ■*« 

a fundus (septus, sub- 
septus, and simplex). 

Period 5: sixth to 
tenth lunar months 
of intra - uterine life. 

There is more marked 
development of the 
fundus. Anomaly. 

Uterus foetalis. 

Period 6: first ten 
years of extra-uterine 
life. During this period 
the uterus is slowly 
losing its infantile 
characters. Anomaly. 

Uterus infantilis. 

Period 7 : tenth to 
sixteenth years. The 

uterus develops from _ . . 

the infantile to the mature organ. Anomalies, (i) Uterus virginens, (u) 

uterus inaequaUs; and (iii) hypoplastic uterus. 

In addition, a third MiiUerian element may appear and form an 
afv'pworv uterine horn (Baliantyne) (see Figs. 29, 30, and 31). 



Fig. 31.- 


-Endometrium of accessory uterine 
horn. xl50 
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Clinical classification 

The foregoing classification is scientifically accurate but too cumber- 
some for clinical purposes. The following is a useful working classifica- 
tion. (i) xAbsence of the utems: lii) unicorn uterus; (iiii bicornuaie 
uterus (a) both horns equal in size and completely canalized, ( b) horns 
unequal in size and or unequal in canalization (see Fig. 32); (iv) arcuate 
or septate uterus; (v) infantile uterus; (vi) pubescent uterus Ccochleate 
uterus or acute anteflexion of the cervix); and hypoplastic uterus. 

Various causes of failure of union of the two Milllerian elements have Pathogene 
been described, no one of which accounts for ail cases, fi) A vesico- 



Fig. 32. — Bicomuate utems with one normal and one rudimentar}’ horn 


rectal peritoneal fold of vascular origin may stretch across the pelvis 
from front to back and thus prevent union, (ii) The Mullerian ducts 
may be held apart by abnormally short round ligaments, (iii) Tumours 
may be present in the uterine muscle. In many patients no cause can be 
found for the abnormality. 


3 “CLINICAL PICTURE 

No one clinical picture will represent all cases. Some individuals 
undoubtedly go through life without any symptoms. In some the 
condition is only discovered during pregnancy or labour. 

(1) — ^Non-Pregnant State 

The incidence of these abnormalities is difficult to assess and often the Incidence 
condition is discovered accidentally during a pelvic examination and 
held not to be the cause of the symptoms. 

In a gynaecological hospital which admitted 5,998 patients in three 
years, 14 patients had anomalies of Mtillerian-duct development, but in 
only 3 cases (0*05 per cent of the patients treated) were these anomalies 
considered to be the cause of the patient’s symptoms. During the 
same period 22 patients (0*36 per cent of the patients treated) showed 
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varying degrees of gross under-development of the uterus; this does 
not include the common cochleate uterus (see p. 435). 

Absence of uterus 

In the absence of the uterus there is complete amenorrhoea. 

Unicorn uterus 

The unicorn uterus does not cause any symptoms but may be associ- 
ated with other severe congenital abnormalities. 

Bicornuate uterus 

The type of abnormality which gives rise to symptoms is that in which 
the horns are of unequal size and have inequality of canalization pre- 



Fig. 33. — Uterus didelphys with unilateral haematocolpos 


venting the easy outflow of menstrual fluid from one horn. Occasionally 
a uterus didelphys may be associated with a unilateral haematocolpos 
(see Fig. 33). 

These patients suffer from spasmodic dysmenorrhoea. The pain has 
usually been present since puberty and is felt in the lower abdomen, 
commonly in the hypogastrium and only occasionally on one or other 
side. It begins with the menstrual flow and lasts for a variable time, in 
some patients throughout the flow. It is usually severe enough to be 
incapacitating. 

The physical signs are variable and may have to be elicited under 
anaesthesia as the patients are often virgin when they seek advice. At 
examination sometimes the presence of two vaginae or of a vaginal 
septum warns the examiner of the possibility of duplication of the genital 
organs. When there is no such warning the uterus is felt with a mass 
attached to it on one side. An undeveloped horn is attached to the better 
formed horn at a low level, i.e. at the level of the supravaginal cervix. 




Radiograph after injection of iodized oil into bicomuate uterus 
Plate X 


[To face p, 421 
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These physical signs may be interpreted as showing the presence of a Different 
fibroid or an endometriona of the uterine wall. But, as the patients are 
usually under thirty years of age, and their symptoms have been present 
from puberty or soon after, the true diagnosis should be clear. Iodized oil 
may be injected into the uiems and a radiograph obtained (see Plate X). 

Surgical treatment is essential and consists in the removal of the under- Treament 
developed horn. Great care must be taken to secure haemostasis and 
complete peritonization. In operations on patients with double uterus, 
care is necessary to avoid injury to the ureter, which may be displaced. 

Occasionally when the 
abnormality is lack of 
fusion of the upper 
parts of two well de- 
veloped ducts (uterus 
bicornis unicollis) a 
plastic operation (utri- 
culoplasty) may be 
undertaken to unite 
the horns. Successful 
pregnancies have fol- 
lowed this operation 
(Murray). 

These remarks on bi- 
cornuate uterus also 
apply to the rare cases 
of an accessory third 
horn, in which instance 
the exact diagnosis will 
not be made until the 
abdomen has been opened and the relations of the round ligaments and 
appendages to the swelling thoroughly studied. 

Patients who have some form of double uterus do not necessarily Fertility 
suffer from impaired fertility; they may show an unusually high per- 
centage of twin pregnancies, possibly due to simultaneous pregnancies 
in the two horns. 

Complications are remarkably rare. Doran and Lockyer stated that CompUcc^mm 
septate, bicomuate, and didelphic uteri were less liable to harbour 
tumours of clinical importance than were normal uteri. Buist and 
Valentine were able to collect from the literature only seven cases of 
carcinoma corporis in double uteri (see Fig. 34). 

Arcuate or septate uterus 

This type of abnormality does not as a rule give rise to any symptoms 
unless pregnancy occurs, although it may occasionally be a cause of 
menorrhagia. In such cases the diagnosis of fibroid is usually made, 
and the true diagnosis is only reached on opening the abdomen. The 
treatment is iitriculoplasty. 



Fig. 34. — Carcinoma corporis in one horn of 
double uterus 
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InfaTitile^ pubescent^ and hypoplastic uteri 

Infantile, pubescent, and hypoplastic uteri may not give rise to any 
symptoms. Sometimes dysmenorrhoea is a complaint (see Vol. IV, 
p. 355). Sterility is another complaint and may be treated by administra- 
tion of oestrin with the aim of stimulating fuller development of the 
uterus. It should be given in the form of oestradiol benzoate, 5 mgm. 
twice a week, or stilboestrol 1 mgm. twice a day, for three weeks follow- 
ing menstruation, and then a week’s rest. Dilatation of the cervix with 
insufflation of the uterine (Fallopian) tubes will assist conception in 
about one-third of the cases of pubescent uteri. 

(2) — Pregnant State 

Clinically two main types of uterine abnormality have to be considered: 
(i) those with one horn underdeveloped (uterus unicornis cum rudi- 



Fig. 35. — Pregnancy in rudimentary horn of bicomuate uterus; the pregnant horn 
is ruptured. (From a specimen in the Gordon Museum, Guy’s Hospital. From 
A Short Textbook of Midwifery, by G. F. Gibberd) 

mento cornu alterius, or uterus bicornis cum cornu rudimento of some 
authors; rudimentary horn); and (ii) those with both horns equally, or 
nearly equally, developed (uterus bicornis). 

Rudimentary horn 

Munro Kerr stated that pregnancy was very rare in a uterus unicornis 
and gave details of the relations of the different forms of uterine 
abnormality to pregnancy and labour. Pregnancy in the rudimentary 
horn of a uterus often terminates by rupture of the rudimentary horn 
(see Fig. 35), and is then accompanied by the symptoms and signs 
classically associated with an extra-uterine pregnancy. (See Fallopian 
Tubes Diseases, Vol. V, p. 258.) The accident, however, occurs at a 
somewhat later stage of pregnancy than those in which the ovum is in 
the Fallopian tube. In a few recorded cases pregnancy in a horn of this 
type has persisted tiU fuU term. The termination has been intra-uterine 
death some time after calculated term and the foetus has had to be 
removed by abdominal section. 

The diagnosis is apt to be mistaken for that of pregnancy in a fibroid 
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terns, but tbe signs of internal haemorrhage cal! for laparotomy, when 
he real condiiion is disclosed. 

When the abdomen has been opened the mdimentary horn must be Treatment 
emoved but t^'henever possible the ovary on the affected side should 
DC conserved. 

True bicornuate uterus 

Pregnancies in bicornuate uteri are liable to terminate early. Miller Fremamre 
Found that in 67 pregnancies there were 19 abortions and 7 premature 
labours. The abortions are liable to be incomplete, and infection is 
therefore common either demanding immediate treatment or leading 
to menorrhagia later. The decidua may be retained in the unimpregnated 
horn, and this too may lead to menstrual disturbance. According to 
Polak the proportion of twin pregnancies is high. 

It has been often stated that bicornuate uteri cause transverse lies in Abnormal 
pregnancy. Such a lie should suggest this uterine abnormality in a 
primigravida with a normal pelvis and normal foetus. It may be treated 
by external cephalic version and the application of a binder during preg- 
nancy. Figures quoted below do not support this as a common effect. 

Many patients pass through pregnancy and labour without any abnor- Labour 
mality or sign of dystocia. Certain eventualities, however, are recognized. 

In the first stage of labour there is not as a rule any abnormality, but First stage 
when there is a twin pregnancy with one foetus in each half of the double 
uterus there is liable to be inertia of the second half to be delivered. 

In the second stage the non-pregnant half of the uterus may lie below Second stage 
the presenting part of the child and cause obstruction. On the other 
hand it has been stated that abnormally wide pelves are commonly 
associated with this condition. Lockyer, however, pointed out that in 
84 collected cases there was only one abnormally wide pelvis. In the Third stage 
third stage retention of the placenta occurs. Miller noted that manual 
removal of the placenta was necessary 8 times in 41 cases. 

An attempt has been made to assess the incidence of the various abnor- 
malities of labour produced by congenital uterine defects from a study of cornpZions 
the clinical reports of twelve large maternity hospitals or units. The figures 
must be taken only as a rough index and not as statistically accurate. 

The total number of deliveries covered by these reports is 288,582, 
and congenital abnormalities of the uterus are recorded 49 times, i.e. 

1 in 5,890 labours, or 0-017 per cent. The abnormality caused difficulty, 
however, on 27 occasions only, i.e. 1 in 10,688 labours, or 0-009 per 
cent. The non-pregnant horn obstructed labour in 11 patients, 3 of 
whom had had previous normal labours, and for these patients Methods of 
Caesarean section was undertaken. In another patient with this com- 
plication laparotomy was performed and the non-pregnant horn lifted 
out of the pelvis; a normal labour occurred twenty-four hours later. 

In 5 patients the non-pregnant horn also contained fibroids and there- 
fore Caesarean section was performed. A contracted pelvis was also 
present in 3 patients and provided the indication for Caesarean section. 
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Tabulation of Complications of Labour Associated 
with Congenital Uterine Abnormalities 

Type of No. of complications Treatment 

Abnormality Cases 


(a) In the following cases the uterine abnormality was responsible for 
the difficulty in labour: 


Bicornuate uterus 


Bicornuate uterus 


Bicornuate uterus 


Bicornuate uterus 
with fibroids 

Bicornuate uterus 3 

with transverse lie 

Bicornuate uterus 4 

with abnormal pre- 
sentations 

Bicornuate uterus 2 


11 Obstruction of 
labour by non- 
pregnant horn 
1 Feared possibility of 
obstructed labour 


1 Feared possibility of 
obstructed labour 


5 Obstruction of labour 
by fibroids in the 
non-pregnant horn 
Disproportion due 
to lie of child 
Difficulty due to the 
abnormal presen- 
tation 

Retention of pla- 
centa 


Caesarean section 


Laparotomy. Non- 
pregnant horn lifted 
out of pelvis. Nor- 
mal labour 24 hours 
later 

Non-pregnant horn 
pushed up out of 
pelvis in each of two 
pregnancies in the 
antenatal period. 
Normal labour on 
each occasion 
Caesarean section 


Caesarean section 

Treatment appropri- 
ate to the abnormal 
presentation 
Manual removal of 
placenta 


Total - 27 


(b) In the following cases the uterine abnormality was not the cause 
the difficulty in labour: 


Bicornuate uterus 3 
with contracted 
pelvis 

Unicom uterus and 1 
pelvic kidney 
Unicorn uterus and 1 
obliquely con- 
tracted pelvis 

Total 5 


Disproportion due 
to the contracted 
pelvis 

Obstruction of labour 
by pelvic kidney 
Disproportion due 
to contracted 
pelvis 


of 

Caesarean section 

Caesarean section 
Caesarean section 


The assistance rendered by Dr. O. G. Bark in searching the 
Hospital Reports is gratefully recorded. 
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A unicorn uterus with an additional complication was found in 2 
patients (1 pelvic kidney and 1 obliquely contracted pehis), and in 
them also delivery was by Caesarean section. 

In contrast to the above, 2 other cases may be cited: (i) a patient 
known to have a bicornuate uterus had six normal, and no complicated, 
deliveries; and (ii) another patient had the non-pregnant horn pushed 
up out of the pelvis in each of two pregnancies during the antenatal 
period, and on each occasion delivered herself successfully. 

Abnormal positions of the child were the cause of some difficulty in 
7 patients; in only 3 of these (2 primigravidae and 1 multigravida) was 
the lie transverse and all of these were delivered by Caesarean section. 
The other 4 patients were delivered vaginally by the usual methods 
appropriate to the abnormality of the position found. 

Retention of the placenta occurred only twice, once in a primigravida 
and once in a multigravida who had previously had three abortions 
and one premature and two normal deliveries. This patient suffered 
from retention of the placenta three times in all. 

Among the patients delivered normally, and not included above, one 
had previously had utriculoplasty performed for a bicornuate uterus. 
The essential points illustrated by the above cases are summarized in 
the table on the opposite page. 
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L— NORMAL POSITION 

1581.] Knowledge of the normal position and relations of the uterus 
is necessary for a clear understanding of its displacements. Within 
limits the uterus is a mobile organ and has a fairly extensive range of 
movement when acted on by forces external to it, but it tends to return 
to the normal position when those forces have ceased to act. That 
position is determined mainly by the attachments of the cervix. On 
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either side the cardinal ligaments, strong bands of fascia, run outwards 
and backwards in the lower part of the broad ligament, closely following 
the line of the uterine arteries, attached in front just above the junction 
of cervix and vagina, and spreading out posteriorly to merge into the 
parietal pelvic fascia. 

The uterus is thus supported in the middle of the pelvis with the cervLx 
at the level of the ischial spines; it may be compared to a child sitting 
on a swing, because it can be drawm forwards or pushed backwards or 
from side to side; if the swing ropes are slack there is descent, if they 
are tightened up there is fixation. And just as the child can lean forwurds 
or backwards on the swing, the body of the uterus can rotate backwards 
or forwards on the cervico-vaginal junction. 

Normally the axis of the uterine body is inclined slightly forwards 
on that of the cervix (anteflexion), and the pull of the lateral attach- 
ments of the cervix is so directed that the body of the uterus is throwm 
forwards against the posterior and upper aspect of the bladder (ante- 
version). 

The maintenance of this position is materially assisted by the action 
of the anterior parts of the levatores ani muscles. Normal tonic con- 
traction of these fibres, acting primarily on the vagina and rectum 
and indirectly on the cervix, tends to push the cervix upwards and 
backwards and so to tilt the body of the uterus forw^ards. Active con- 
traction of these muscles is usually a combined muscular movement, 
the muscles of the abdominal walls contracting at the same time, as in 
coughing, straining, and defaecation, and is an important factor in 
preventing displacement of the uterus during such expulsive movements. 


IL— DISPLACEMENTS 

1582.] The uterus being so mobile is easily displaced. A fuU bladder 
may push it backwards; a loaded rectum and sigmoid may raise it. 
Morbid conditions may cause grotesque displacements, which are of 
secondary interest but emphasize the view that the uterus is within 
limits a very mobile organ, and that a de\dation from the normal 
position should not always be looked on as an indication for gynaeco- 
logical orthopaedics. 


1-RETROVERSION 

Next to prolapse retroversion is the commonest and the most important 
form of uterine displacement. The uterine axis normally forms about a 
right angle with that of the vagina. In retroversion it is rotated back- 
wards, with the result that it may come into line with the vagina or 
even form a re-entrant angle with it. There are two distinct types of 
retroversion, the congenital or developmental and the acquired, which 
require different treatment. 


Cardinal 

ligaments 


Mobility of 
uterus 


Anteflexion 


Antexersion 


Levatores ani 


Uterine axu 
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(1) — Coegemtal or Derelopmental 

(a) Aetiology 

This type is commonly found in nuUiparous, often virgin, women; it 
may be associated with symptoms, dysmenorrhoea and/or sterility, or 
may be discovered in the course of a complete physical examination 
without any symptoms referable to the genital system* The condition 
is in all probability due to failure of the uterus and vagina to reach full 
development at the time of puberty. The uterus, often rather small, 
lies in the axis of the vagina but moves freely in the pelvis. 

(Z?) Clinical Picture 

It is doubtful if this condition causes symptoms. Failures of adequate 
development, such as this condition, a conical cerv^ix, a pin-hole os, 
and an acute anteflexion, are undoubtedly associated in many cases 
with symptoms, usually dysmenorrhoea and/or sterility. On the other 
hand, many women with such abnormalities lead normal sexual lives 
and become mothers. In the absence of genital symptoms, it is quite 
unjustifiable to explain the symptoms of a neurotic or neurasthenic 
patient by informing her that her womb is out of place and so giving 
her the fixed idea that she is not as other women are. If she is told of 
the position of her uterus she should be reassured; her retroversion is 
probably not more important from a medical point of view than the 
possession of a snub nose. If the patient complains of dysmenorrhoea 
and/or sterility, the treatment appropriate for these symptoms should 
be given. 

(2) — ^Acquired 

(a) Aetiology 

A normal uterus may be displaced backwards by many causes. An 
ovarian tumour perched on the brim of the pelvis, post-menopausal 
weakening of the uterine supports in elderly women, beginning or 
established prolapse, the pull of adhesions after pelvic peritonitis, and 
the development of an endometriosis may be associated with retro- 
version, but the position of the uterus is in these cases an unimportant 
incident. 

Claims are sometimes made that a fall on the buttocks has caused 
backward dislocation of the uterus. The history is usually that there 
was a feehng of something going out of place internally at the time, 
and that the accident has been followed by backache or discomfort. 
The likelihood of such an accident would be increased if the uterus 
were enlarged by an early pregnancy, and I have seen a case in which 
it was claimed that a miscarriage had been thus caused. The possibility 
of such an accident cannot be denied, but a careful examination is 
necessary to estabhsh the fact that a retroversion exists and, so far as 
is possible, to exclude the probability that it was already present before 
the accident. 
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(b) Clinical Picture 

The following description concerns the t\pe of retro\ersioii Hetwvemon 

which occurs after child-birth and is associated with symptoins: back- 
ache, often worse before menstruaiion, leucorrhoea. and heavier Symptoms 
menstrual losses. On examination retroversion of the uterus is easily 
detected. The fundus is felt in the posterior fornix, but it does not as in 
developmental retroversion move freely in the pelvis; it rests on the 
pelvic floor. It is bulky, rather flabby, and often tender on palpation. 

It may be easily replaced; but this may be difficult, sometimes because 
the uterus is fixed by adhesions; but more commonly it is due to the 
bulk of the uterus, to slipping of the fundus between the uterosacral 
ligaments forming the upper lateral limits of the recto-uterine excavation 
(pouch of Douglas), or the fact that the patient, because her uterus is 
tender, does not permit pressure upon her fundus adequate to dislodge 
it from the recto-uterine excavation. A retroversion should not be 
considered ‘fixed’ until an attempt to replace it has been made under 
an anaesthetic. 

This type of retroversion is not uncommonly associated with retro- Associated 
flexion, when the body of the uterus has sagged backwards on the 
cervix and the abnormal position of the fundus is consequently exag- 
gerated. In extreme cases the uterus is upside down, the external os 
being the highest point and the fundus the lowest when the patient is 
in the dorsal position. The displaced fundus may, through the liga- 
ments of the ovaries, drag the o\aries down into the recto-uterine Ooplmralgl 
excavation, and the prolapsed ovaries may cause pain on defaecation 
or in coitus. The displacement may also be associated with some Uterine 
degree of uterine prolapse. In this condition care should be taken to 
examine the cervix, which will often be found torn, with exposure of Cervix 
an inflamed cervical mucous membrane (ectropion), or instead of the Ectropion 
normal stratified epithelium covering the vaginal portion there may be 
some areas of inflamed epithelium of the cervical canal type (granular 
cervix or inflammatory erosion). In view of the trauma suffered by the Erosion 
cervix during the first and second stages of labour, it is not surprising Cervicitis 
that the injured tissues should sometimes become infected after delivery, 
and that the infection should sometimes be chronic. 

The normal process of involution concerns not merely the uterus but involution 
the soft tissues of the pelvis generally, including the uterine supports 
and the levatores ani muscles. Involution is delayed or prevented by 
acute puerperal infection; therefore it is reasonable to conclude that 
the milder and more chronic infections just mentioned are largely 
responsible for the slack ligaments and atonic muscles which fail to 
maintain the bulky uterus in anteversion. Indeed the cervical lesion 
alone would account in many cases for the symptoms usually regarded 
as the classical symptoms of retroversion. 
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(c) Diagnosis and Differential Diagnosis 

In this there is not usually much difficulty. The fundus cannot be 
palpated in the anterior fornix but can be felt in the posterior^ and the 
greater the displacement the easier as a rule is the diagnosis. Four stages 
are often described;, hut these are arbitrary and cannot be regarded as 
guides to treatment- It is more important to ascertain whether (i) 
the uterus is bulky and tender; (ii) cervical lesions are present; (iii) the 
uterus is replaceable (an anaesthetic may be required to decide this 
point); (iv) the ovaries are prolapsed and tender; and (v) there is 
beginning prolapse of the uterus. 

Errors in diagnosis can be made, because not every tumour felt in 
the posterior fornix is necessarily the fundus of the uterus, even when 
that cannot be palpated in front. Confusion may be due to a fibroid 
in the posterior wall of the uterus, an inflammatory mass, a tubal mole 
lying in the recto-uterine excavation, or a prolapsed and adherent 
ovary. It may be impossible to define the position of the fundus in a 
patient with a thick or rigid abdominal wall. An examination under an 
anaesthetic may be necessary^ in doubtful cases. 

(d) Treatment 

Acquired retroversion can best be treated if it is discovered early, e.g. 
at a routine postnatal examination some six weeks after confinement, 
but most cases come under observation when the displacement has 
been present for months or even years. 

Treatment of cervical lesion 

If a cervical lesion is found it should be treated first. Usually cervical 
inflammations yield to antiseptic measures, e.g. swabbing with a 3 per 
cent solution of trinitrophenol in alcohol, liquefied phenol, iodized 
phenol, a 10 per cent solution of silver nitrate, a 2 per cent solution of 
mercurochrome, and a 1 per cent solution of acriflavine. The treatment, 
which may be carried out once or twice a week, is assisted by the 
introduction after each swabbing of a tapon of ichthammol (10 per 
cent in glycerin) or of iodine (1 per cent in glycerin) to be removed in 
12 to 24 hours. This treatment may be continued up to six weeks. If the 
case is refractory, diathermy or curettage of the affected area may be 
tried. Excision or excision combined with suture of a laceration may 
be required. In some cases the uterus resumes its normal position and 
this is followed by cure of the cervical inflammation and the consequent 
recovery of tone in the soft tissues of the pelvis. 

Replacement of the uterus 

Even when a cervical lesion is not present, the uterus may be retro- 
verted and may require replacement. The manoeuvre may be assisted 
by placing the patient in Sims's position with a cushion under the 
buttocks, or in the knee-chest position, because in these attitudes the 
force of gravity assists the efforts of the operator. Anaesthesia with 
complete muscular relaxation allows more thorough manipulation and 
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practically abolishes the iaSueace of abdoailnai pressure which lends 
to press the retroverted organ dovcn into the recto-uterine exca\atioii. 

Therefore if the patient has been anaesthetized for diagnosis or treat' 
ment, the opportunity should be taken to ertect repiacement of the 
uterus. 

The classical method is to pass two nngers into the posterior fornix. Technique 
to raise the fundus out of the recto-uterine excavation, and to grasp it 
by the hand on the abdomen. The pressure of the nngers in the \agina 
is then transferred to the front of the cervix, and. the fingers pushing 
the cervix backwards and pulling the fundus forwards, the uterus is 
ante verted. 

The following method of replacement is very effecii\e; the patient Another 
is anaesthetized and in the dorsal position. The cervix is grasped with 
volsella, drawn down to the entrance of the vagina, and then depressed 
and carried backwards into the posterior fornix, while the posterior 
vaginal wall is strongly retracted with a speculum. After this manoeuvre 
complete reposition can be effected bimanualiy. When the uterus can- 
not be replaced under an anaesthetic, it is almost certain that it is 
bound down by adhesions. 

Pessary treatment for retroversion 

The pessar>' is definitely useful in the treatment of retroversion, but 
it should not be used indiscriimnaiely. Improper use of it may even 
aggravate sxmptoms; it may cause pain by pressure on a tender 
unreplaced fundus or on a prolapsed ovary and, if the cervix is inflamed, 
it may by its presence in the vagina increase discharge and delay healing. 

A pessary should not be introduced if active inflammation is present, Contra-- 
or if the uterus has not been or cannot be replaced. It is a temporaiy^ indications 
expedient to support the uterus in its normal position until the soft 
tissues have recovered tone. It should not be used in cases of congenital 
retroversion, in w’hich it may produce leucorrhoea but cannot per- 
manently affect the displacement. 

The type of patient likely to benefit from wearing a pessary^ is one who Indications 
has not completely recovered from a confinement, or who from any 
other cause is flabby and has muscles lacking in tone and who may be 
reasonably expected to recover strength under appropriate treatment. 

The pessary^ will maintain the normal position of the uterus until the 
patient’s soft tissues are in condition to do so. 

The pessary^ commonly used for retroversion is the Hodge or Hodge- Technique 
Smith. The uterus should first be replaced and the size of pessary^ suit- 
able estimated by measuring with the finger the length of the vagina. It 
is better to select for a first trial a pessary’ too small rather than one too 
large. Introduction is effected with the plane of the pessary, narrow end 
first, in the oblique diameter of the vaginal orifice, so that the anterior 
bar lies to one side of the sensitive urethral orifice. If there is difficulty 
in introduction, more room can be gained by depressing the perineum. 

When the instrument has passed into the vagina, the forefinger follows 



432 


UTERUS. DISEASES AND DISORDERS [vol. xii 

it up and carries the inner end up behind the cervix, A bimanual 
examination is then made to ensure that the uterus is anteverted. If 
the pessary fits correctly, there should be just room for the forefinger 
between it and the back of the symphysis pubis, it should not be dis- 
placed on coughing or straining, and the patient should feel comfortable. 
The patient should be kept under observation for the first month to 
make sure that her uterus is maintained in anteversion. She should use 
a vaginal douche twice or thrice a week. A solution of sal antisepticus 
or dettol considerably diluted is suitable. At the end of six months the 
pessary may be removed, and the patient should be examined a month - 
later to see if the uterus remains in position. 

Operative treatment 

Operation for retroversion is not so common as it was some years 
ago, gynaecologists now considering that a retroversion without 
symptoms does not indicate operation, and that when symptoms are 
present they should be logically presumed to be due to the displacement 
before an operation is recommended. When, however, treatment as 
already outlined has proved ineffectual, the question of operation must 
arise. It must also be faced when the uterus is irreplaceable or the 
ovaries are prolapsed and tender, when there is evidence of pelvic 
inflammation or of endometriosis, or a history of repeated abortions. 
The operation usually practised is that known as Gilliam’s or one of 
its many modifications. The guiding principle of the operation is to 
use the round ligaments as riding-cables attaching the fundus to the 
anterior abdominal wall. 

The technique as originally described is as follows. After the abdomen has 
been opened, a puncture wound is made through the rectus sheath, rectus 
muscle, and peritoneum on either side about 14 to 2 inches from the middle 
line and about 2 inches above the symphysis; forceps are passed through the 
wound; the slack of the round ligament is seized and drawn through and 
fixed in front of the rectus sheath so that the fundus is held in anteversion. 

Various modifications since introduced concern details of technique, 
but the principle of the operation remains the same. One of its great 
advantages is that it in no way interferes with the course of a subsequent 
pre^ancy. Many other operations, most of them now of historic 
interest only, have been devised for the cure of retroversion. Ventral 
suspension gave the uterus a fundal ligament by stitching the fundus 
to the peritoneum of the anterior abdominal wall. Ventral fixation 
incorporated the fundus in the anterior abdominal wall by fixing it 
between the recti muscles and was used mainly in the treatment of 
prolapse in women past the menopause. Vaginal fixation was and still 
is sometimes used in the same type of case. An incision is made through 
the anterior fornix, the bladder separated from the anterior vaginal 
wall, the vesico-uterine reflexion of peritoneum opened, and the fundus 
brou^t forwards and interposed between the base of the bladder and 
the vagina. The Alexander-Adams operation utilized the round liga- 
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meats but dealt with them witfioui opering ihe abdomen. The inguinal Alexander- 
canals were opened on each side and the round ligaments isolated, 
pulled fonvards so as to bring the fundus inio ante\ersiori, and fixed 
in that position. 

Operation for suspension of a retrod eried uterus should be preceded 
by operative treatment of any disease or injury of the cervix and. in 
cases of prolapse, by a colpoperineorrhaphy. It may be necessary to 
supplement the operation by shortening of the suspensory ligaments 
of the ovaries to relieve prolapse, possibly b\ resection of the ovaries, 
and by an appendicectomy. 

Before recommending operation it should be borne in mind that many 
a woman with a retro\erted uterus leads a normal sexual life, bears 
children, and reaches the menopause without undue discomfort. 

(3) — Effect of RetroYersion on Pregnancy 

Pregnancy occurs in a retroverted uterus probably almost as readily as 
in one more normally placed. 

(a) Spontaneous Rectification 

The gestation often runs a normal course; the fundus ai about the 
twelfth to the sixteenth week rises out of the pelvis and reaches its 
normal position at the pelvic brim. This rectification may occur sud- 
denly in the interval between two examinations. It ma\’ be encouraged 
by directing the patient to assume the knee-elbow' position for five 
minutes on going to bed and again on rising in the morning. 

(b) Replacement 

When an early pregnancy has been diagnosed in a retroverted uterus, 
the patient should be warned of the risks of the condition and kept 
under close observation during the critical period from the tw^elfth to 
the sixteenth week. If rectification has not taken place spontaneously 
by the end of the fourteenth week, an attempt at manual replacement Replacement 
should be made with the patient in Sims's position or in the knee-chest 
position. Replacement is much more easily effected if the patient is 
anaesthetized. It may be impossible owing to adhesions binding down 
the fundus, and an abdominal operation may then be required. 

(c) Persistent Retroversion 

The retroverted gravid uterus wffich remains in its abnormal position 
is a w^ell knowm clinical entity and causes unfortunate complications 
as pregnancy advances. 

(i) Abortion 

The coincidence of a retroversion with abortion about the twelfth 
to the sixteenth week is so well established as a clinical observation 
that it is difficult to deny a causal connexion between them. If the case 
is seen in the stage of Threatened abortion' with slight loss and without Threatened 
pains, an attempt should be made, if necessary under an anaesthetic, 
to replace the uterus, and the patient should then be put to bed and 
E.M. VOL. xn 2 F 
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given sedatives. If smart haemorrhage, pains, and dilatation of the 
cervix show the abortion to be ^’inevitable’, the uterus should be cleared 
out and the retroversion treated subsequently. 

(ii) Retention of urine 

When the fundus of the gravid uterus remains in the recto-uterine 
excavation, the growth of the organ carries the cervix upwards behind 
the symphysis, and in its ascent it pulls on the anterior vaginal wall. 
The tension compresses the urethra in its course through the vaginal 
wall, just as the lumen of a rubber tube is narrowed by pulling on it; 
or the cervix may come forwards and nip the urethra against the back 
of the symphysis. 

There is at first difficulty in micturition, leading very shortly to com- 
plete retention. This is followed by the formation of an abdominal 
tumour, the distended bladder, which often reaches the umbilicus. By 
this time there is commonly overflow with dribbling, and cases have 
been recorded in which the continued pressure has caused sloughing 
of the bladder mucosa. 

Diagnosis is not difficult. The abdominal tumour may cause momentary 
hesitation, but the history of pregnancy and a vaginal examination 
can leave no doubt, and the passage of a catheter clinches the diagnosis. 
Catheterization is not always easy, because the urethral orifice is often 
drawn up behind the symphysis and is not easily found. 

These patients are said to do well if kept in bed and catheterized 
regularly. I prefer, after emptying the bladder, to replace the uterus, 
if necessary under an anaesthetic. A pessary may be inserted after 
reposition to give a sense of security, but I have never seen a replaced 
uterus show any sign of sinking again into retroversion, and every 
day of the pregnancy lessens the possibility of its doing so. 

(hi) Fregnancy proceeding to term in a fixed retr overted uterus 

This rare complication has been reported. The ovum is accommodated 
in the ballooned-out anterior wall of the uterus, and the posterior 
wall shares in the uterine hypertrophy but remains folded on itself in 
the pelvis and, when labour comes on, lies in front of the presenting 
part. The condition gives rise to difficulty in diagnosis and to obstruc- 
tion to delivery, which may necessitate Caesarean section. I have never 
seen this condition, but I have twice operated for an analogous condition 
— fixation of the fundus low down on the anterior abdominal wall with 
a thickened and folded anterior uterine wall which was obstructing 
delivery; one of these patients had undergone an Alexander- Adams 
operation some years before for retroversion. 


2-ANTEFLEXION 

1583.] Strictly speaking this is not a displacement but rather an 
internal derangement of the uterus. There is an exaggeration of the 
normal forward inclination of the body upon the cervix, often associated 
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vith an underdeveloped cervix — the ‘cochleate uierush The condition ^Cochkate 
s due to failure of the uterus to develop normally at puberty. It may 
lot cause any symptoms or may be discovered during examination 
a patient with dysmenorrhoea and or sterility. 

The diagnosis can best be made with the patient under an anaesthetic Diagmsis 
and may be followed immediately by dilatation and the inirodnciion of a 
sea-tangie tent. The passage of the dilators may be diincult. and the internal 
os may need some search. An injudicious display of strength may easily 
push the dilator through the uterine wall at the angle. Sea-tangle tents may 
give some trouble in removal. They are firmly gripped at the internal os, 
and the grip may not relax for two or three days, but they may be safely 
retained for that time. Only a gentle puli should be made to remove 
them; a first trial may be made after 24 to 36 hours. If much force is 
used, the lower end of the tent may be broken off, and an incision of 
the cervix may then be required to remove the portion left in the uterus. 

3 -OTHER DISPLACEMENTS 

1584.] That common and important form of displacement, descent Prolapse 
of the uterus or prolapse, is dealt with on page 436. There remain to 
be mentioned certain displacements due to the pushing or to the pulling 
of a very mobile organ from its ordinary position by a number of 
forces, some physiological, some pathological. The cause in these 
conditions is much more important than the effect. 

(1) — ^Ascent 

Thus the uterus may be raised into the abdominal cavity (ascent) by 
its own enlargement (pregnancy or fibroid), by a growing tumour, e.g. 
an ovarian cyst, to which it is adherent, or it may be pushed up by a 
tumour from below, as happens in the development of a haematocolpos 
due to an imperforate hymen. 

(2) — Lateral Displacement 

This may occur owing to the push of a tumour or of an inflammatory 
mass or may follow the formation of cicatricial tissue after the sub- 
sidence of a pelvic inflammation. 

(3) — ^Torsion 

This has been very rarely reported. The organ is usually the seat of 
a tumour, and a hysterectomy would seem to be indicated. 
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1-DEFINITION 

1585.] Used correctly, the term prolapse of the uterus means descent 
of the uterus but in common practice it is synonymous with ‘genital 
prolapse’ and includes cystocele, rectocele, and stress incontinence as 
well as true prolapsus uteri. These four conditions are all parts of genital 
prolapse; they are due to the same causes, are cured in the same way and, 
although in any case one may be more marked than the others, one 
rarely, if ever, occurs without at least one of the others. 


2.-AETIOLOGY 


Amiomcal 

features 

Pelvic floor 


Parametrium 


It is now generally accepted that the female pelvic organs are main- 
tained in position by the pelvic floor. A plane of muscular and connect- 
ive tissue forms a concave floor to the pelvis, stretching from its pelvic 
attachments in well defined bundles and perforated in the middle line 
by the urethra, vagina, and rectum, along each of which it is prolonged 
and attached. In the bottom of this depression is a mass of connective 
tissue and unstriped muscle, the parametrium, collected chiefly around 
the upper part of the vagina and cervix, but extending forwards in the 
uterovesical folds to support the bladder and anterior vaginal wall and 
backwards in the uterosacral ligaments to support the rectum and 
posterior vaginal wall. This combination of pelvic muscle and para- 
metrium constitutes the pelvic floor. 

436 
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That the pelvic floor is the sole support of the uterus is shown by every 
panhysterectomy. Cutting the broad and round ligaments does not 
increase the mobility of the uterus but as soon as this tissue around and 
below the uterine artery is severed the uterus can be moved a consider- 
able distance. This tissue suspends the uterus and supports the bladder, Causes of 
rectum, and vaginal walls, and these structures can descend only when ^fi^^^organs 
the pelvic floor is overstretched, torn, or otherwise weakened. The 
descent may be hastened by other factors such as increased abdominal 
pressure from chronic coughing, tumours, heavy work, increased weight 
of the uterus from fibroids or subinvolution, or increased weight of the 
cervix from fibroids or chronic cervicitis. 

Parturition is the commonest cause of weakness of the pelvic floor, and 
genital prolapse therefore occurs most often in parous women; in a small pehic floor 
percentage of cases it occurs in nulliparae as the result of some develop- 
mental weakness of the pelvic floor on which is superimposed one of the 
secondary causes, generally hard physical work. For this reason pro- 
lapse in virgins is commoner in the industrial north of England, where 
girls do heavy work in the mills, than in the south. 


3.-CLINICAL PICTURE 

The patient complains of a ‘bearing down’, or that ‘something comes 
outside or into the passage’, or that ‘water comes away when she strains 
or stoops’, or that she has ‘aching pain in the lower abdomen or back 
when she works’, or that ‘a lump comes down when she strains at stool’. 

Examination shows either the whole uterus outside with the vaginal Types of 
walls completely everted — procidentia; bulging of the anterior vaginal 
wall on straining — cystocele, though this term is only strictly correct if 
the bladder wall is attached to this bulging vaginal wall; spurts of urine 
when the patient strains — stress incontinence; bulging of the posterior 
vaginal wall on straining — rectocele, though this term, also, is correct 
only if the rectal wall is adherent to the bulging vaginal wall; or descent 
of the cervix on straining — prolapse of the uterus. 


4.~TREATMENT 

As every case can be cured by operation, palliative treatment by means Methods of 
of pessaries is justifiable only (i) when the patient’s general condi- 
tion will not allow any operation, or (ii) when the patient is young 
and intends to have further children in the near future. Age alone is 
no contra-indication to operation. I often perform colporrhaphies on 
women over 70 years of age. Even if a pessary makes the patients 
comfortable at first, increasing senile atrophy renders this more and 
more difficult and many women come to be cured by operation after 
many years of only partial relief from a pessary with its attendant 
discomforts. 
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Effect of 
operation on 
future 
pregnancies 


Treatment of 
old women 


Operations 


Abdominal 

fixation 


Treatment of 
retroflexion 


Hysterectomy 


Colporrhaphy does not increase the difficulties or dangers of sub- 
sequent confinements, rather the reverse, but the prolapse recurs in 
about 25 per cent of cases. In the case of a young woman, who intends 
to have more children in the near future, it is therefore justifiable to 
insert a well fitting rubber-covered watch-spring pessary and defer 
operation until she has completed her family. Many of these patients, 
however, dislike pessaries and find the symptoms so much increased 
during pregnancy, even if they are comfortable at other times, that they 
prefer the certainty of comfort which an operation gives even with the 
risk that it may have to be repeated after another confinement. 

Old women, physically unfit for operation, may be made comfortable 
with a rubber-covered watch-spring pessary or may require some form 
of cnp-and-stem pessary supported by a waist-belt. Pessaries are at their 
best unsatisfactory and should rarely, if ever, be required as the unfit 
patient should have had the genital prolapse cured when she was in good 
physical condition. 

Operations devised for the cure of this condition are legion and the 
literature has reached colossal proportions. Those most commonly 
performed can be divided into five classes: (i) abdominal fixation with 
or without colporrhaphy; (ii) hysterectomy; (iii) vaginal interpositions; 
(iv) Le Fort’s operation; and (v) colporrhaphy. 

Abdominal fixation by itself is useless in the treatment of genital pro- 
lapse and it is very rarely necessary to combine it with a colporrhaphy if 
the colporrhaphy is properly performed. Very occasionally a patient has 
so little pelvic tissue that it is necessary to fix the uterus to the abdominal 
wall as well as to do an extensive colporrhaphy. I have found this 
combination necessary on only three occasions in the last seven years. 
In a large percentage of cases of genital prolapse the uterus is retro- 
flexed. During the operation the uterus is replaced and usually remains 
in this position if the deep pelvic tissues are properly sutured. In some 
cases, however, the uterus will not remain in an anteflexed position and 
some operators consider it necessary to secure this by the performance 
of an abdominal operation in addition to the colporrhaphy. If the 
operator regards retroflexion as a morbid condition which must always 
be rectified, he will often combine the operations. If, on the other hand, 
he holds the modem view that an uncomplicated retroflexion rarely 
produces symptoms, he will reserve this combined operation for a few 
cases in which he feels convinced that the retroflexion is producing 
symptoms quite apart from those due to the genital prolapse. In either 
event these are two separate operations, done for separate conditions, 
and the abdominal operation is not part of the cure of genital prolapse. 
Hysterectomy is not a cure for prolapse and the most difficult case to 
cure is prolapse of the vaginal walls when the uterus has already been 
removed. A vaginal hysterectomy can be combined with a colporrhaphy 
(Mayo s operation), but these are two separate operations performed at 
the same time and the hysterectomy is for some condition of the uterus 
which requires its removal. In these cases special care must be taken in 
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suturing the pelvic floor, even more than when a colporrhaphy alone is 
performed. 

The interposition operation is still performed in some schools, especi- Interposition 
ally in America and on the Continent, where it is known by the name of 
Watkin, Schauter, or Wertheim. In this operation the bladder is separ- 
ated from the uterus, the uterovesical pouch of peritoneum opened, and 
the body of the uterus brought through the opening and sutured to the 
vaginal muscle. It must never be performed on an unsterilized woman 
before the menopause and is therefore usually reserved for elderly 
women. As prolapse in old women can be cured by the less severe 
operation of colporrhaphy I have never seen a case in which an inter- 
position operation was required. 

In Le Fort’s operation a longitudinal strip is dissected from both the Le Forfs 
anterior and posterior vaginal walls and when the edges of these are 
sutured the vagina is divided into two tubes with the uterus supported 
by the median raphe. In some schools this operation is still occasionally 
used for old women with poor pelvic tissue. 

Colporrhaphy 

Colporrhaphy is becoming more and more the universal method of 
treating all cases of genital prolapse. In some schools different operations 
are used for different circumstances, especially for patients of different 
ages. This is unnecessary as colporrhaphy will cure practically every 
patient, young or old, parous or nulliparous, provided she has any pelvic 
floor to be sutured. This does not mean that all colporrhaphies are alike : 
each one differs from the others according to the needs of the case. The 
incision may be wider in one and higher in another, and several layers 
of deep suturing may be necessary in another, and only experience can 
guide the operator. All, however, conform to one general principle, 
namely, rawing of the anterior and posterior vaginal walls with suturing 
of the deep pelvic tissues so as to strengthen and shorten the pelvic floor, 
and amputation of the cervix. 

Colporrhaphy was first performed by Donald of Manchester in 1888 Donald- 
and has been used continuously in that centre from that date. Later ^pl^atfon 
it was somewhat modified by Fothergill and so is commonly known 
as the Donald-F other gill or the Manchester operation. The following 
description of the operation follows in detail my own method which, 
in general principle, is that devised by Donald, modified in some details 
by Fothergill, and again by myself 

Two complications are definite contra-indications to operation. Contra- 
Cystitis, even if the patient has almost recovered from the attack, will be 
lit up again and may lead to pyelitis. I have lost two patients in this way 
and now never operate in the presence of bladder infection. Ulceration 
of the cervix is common in procidentia. The ulcer is always septic and an 
operation in this stage is liable to be followed by serious sepsis in the 
wound. I have seen a fatal case and one of general pyaemia, and in the 
presence of this complication also I never operate. These ulcers will 
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alwa^^s heal in three weeks or less if the patient will remain in bed, 
replace the cervix w'henever it comes down, and douche twice daily, 
once with boric acid and once with alum, using one teaspoonful to the 
pint of warm water. 

Preparation for operation 

The vagina should be douched with an antiseptic lotion the day before 
the operation and the rectum emptied by an enema on the morning of 
the operation. When the patient is on the table the vagina and vulva 
should be swabbed with 70 per cent alcohol and 2-5 per cent solution of 
iodine in alcohol. 

T echnique 

The patient is placed on the table in the lithotomy position, the vulva 
shaved, and this and the vagina are thoroughly cleansed with surgical spiiit 
and solution of iodine. The cervix is then grasped with the volsellum and 
the canal dilated. Dilatation is necessary, as at a later stage sutures have to 
be inserted through the cervical mucosa. I always curette the uterus, to make 
quite sure that there is nothing abnormal in its interior. 

The shortest and clearest method of description is to follow the illustrations. 
Fig. 36, « shows the method of stitching back the labia minora. A sterile towel 
with an opening somewhat larger than the vulva is placed over the patient, 
a weighted speculum inserted into the vagina, and a stitch inserted through 
the towel and subjacent skin of the buttock and then through the labium 
minus. When this is done on both sides, the labia are drawn well away from 
the vagiaa and so give a good view of the field of operation and present a 
smooth surface which is more easily sterilized. This illustration shows the left 
labium minus stitched to the buttock. 

Fig. 36, b shows both labia minora stitched outwards. The cervix is grasped 
with a volsellum, pulled downward as far as possible and dilated, and the 
uterus curetted. A pair of Spencer Wells forceps grasps the vaginal mucosa 
on each side of the cervix, as far apart as it is judged necessary to make the 
base of the denuded area. This is a matter of experience and can only be 
judged correctly with practice. A triangular area is then marked out with the 
scalpel with its base near the cervix and its apex below the urethra, but the 
sides of the triangle are not quite straight as it is necessary to have the denuded 
area a little wider in the centre of the vagina than at the base. In a complete 
procidentia it is possible to mark out the whole triangle before separating 
any of the mucosa, but in cases of partial prolapse it is best first to mark 
out the lower portion and dissect this from the subjacent tissues; during this 
process the folds in the remaining portion of the vagina are smoothed out, 
and the outline of the triangle can he more easily completed. In practice, the 
base of the triangle is usually made somewhat wider than in this drawing. 
Fig. 36, c shows the dissection of the vaginal mucosa from below upward. In 
a case of complete procidentia it is possible to begin the dissection from 
the urethra downwards, but in cases of partial prolapse it is much easier to 
begin at the base of the triangle near the cervix, and so I prefer to make this 
a routine practice in all cases. 

Fig. 36, d shows the triangular area denuded of mucous membrane. The few 
fibres of muscle and connective tissue which fix the bladder to the cervix have 
been cut and this organ has been dissected up from the cervix. This exposes 
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the muscular tissue and parametrium at the base of each broad ligament, and 
with a needle it is possible to eDcircIe a mass of this tissue on each side. This 
sketch shows two sutures inserted, each of which includes a portion of this 
tissue on both sides. When these sutures are tied, this tissue from each side will 
be drawn to the front of the cervix, and therefore this portion of the pelvic 
floor will be shortened by this amount. The ligatures are not tied at this 
stage, but it is convenient to insert them while the tissues are visible. In most 
cases' the suturing of thus material in front of the cervix is sufficient to keep 
the uterus anteflexed, even though it was previously retroflexed, but in a few 
cases in which the uterus is very heavy these sutures transfix a small portion 
of the anterior wall of the uterus and so keep this organ in the anteflexed 
position while the healing process takes place. 

Fig. 36, e shows the cervix drawn forward to show part of the posterior sur- 
face. An incision is made through the vaginal mucosa from one pair of Spencer 
Wells forceps round the back of the cervix to the pair of Spencer Wells 
forceps on the other side, and the mucosa is stripped from the cervix for a 
distance varying with the amount of cervix which requires amputation. 

Fig. 36,/ shows the cervix still grasped with the volsellum . The vaginal mucosa 
has been dissected from the cervix and the scalpel is shown in position, ready 
to amputate the denuded portion of the cervix. 

In Fig. 36, g a portion of the cervix has been amputated. Sutures are now 
inserted through the cervix and the vaginal mucosa, and when these are tied 
the edge of the vaginal tissue will be brought into contact with the cervical 
mucosa. 

Fig. 36, /i shows a later stage with a few of the sutures tied. Finally a suture is 
passed through one angle of the mucosa, transfixes the centre of the anterior 
wall of the cervix, and lastly the other angle of the mucosa, and when these 
and a few intermediate sutures are tied the external os is completed. 

Fig. 37, a shows the external os completed. Instead of a triangle, the denuded 
area is now oval, as the angles at the base have been brought together at 
the centre of the external os. By means of a continuous suture the cut edges 
of the mucosa are brought together up to the level of the insertion of the two 
deep sutures. At this stage the uterus should be examined, and if it is retro- 
flexed the body should be replaced. The two deep sutures which in Fig. 36, d 
are placed around the musculature at the base of each broad ligament are 
now tied, and if a ligature has been left on the cervix it will be found that 
no reasonable amount of traction will now pull the cervix down, as the deep 
sutures shortening and tightening this part of the pelvic floor prevent any 
further descent of this organ. 

Fig- 37, b shows the two deep sutures tied and others inserted in the deep 
tissues at the base of the bladder. These additional sutures should always 
be inserted and are especially important in patients with incontinence of 
urine. 

Fig. 37, c shows these deep sutures tied and a continuous suture inserted 
in the vaginal mucosa to complete the closure of the original incision. 

Fig. 37, d shows the completion of this stage of the operation. 

Fig- 37, e shows the method of marking out the flaps of the posterior colpor- 
rhaphy. The redundant tissue in the posterior fornix near the cervix is grasped 
by a pair of forceps, and when this is pulled forward the tissue falls roughly 
into a triangle, with its base on the perineum, but it is usually necessary to 
make the centre of the triangle as wide or almost as wide as the base, and 
this portion is marked out on each side by a pair of forceps, while the angle 
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on the perineum is marked on each side with another pair. In practice, it is 
easier to denude the triangle down to the middle forceps and to control 
bleeding by stitching these edges together before completing the triangle 
do\vn to the perineum. 

Fig. 37,/ shows a triangle of vaginal mucosa dissected from the subjacent 
tissue. It also indicates the line of the rectum with some fine fibres of con- 
nective tissue attaching it to the vagina. The dots indicate the line through 
which these adhesions are incised. 

In Fig. 37, g the attachments of the rectum have been cut and the rectum 
separated from the vaginal wall. This is the most important step in the 
operation, as without it it is impossible to fill in the space between the vagina 
and the rectum with muscle, and if this is not done the vaginal mucosa will 
stretch and vdll bring forward the rectum as a recurrent rectocele. 

Fig. 37, h shows the continuous suture drawling together the upper edges of 
the triangle, and in practice this is usually completed before the remainder 
of the triangle is dissected away. This sketch shows the completion of this 
dissection with a pair of scissors cutting away the mucosa from the perineum. 
It also shows the rectum separated from the vagina, and on each side folds 
of muscular tissue which must be brought together by means of deep sutures. 
If the posterior colporihaphy is carried sufficiently high the upper portion of 
this muscular tissue is part of the pelvic floor running at the base of the 
uterosacral ligaments and the tissue a little lower represents the levator and 
muscles. The most important part of the posterior colporrhaphy is the 
suturing together of these deep layers of muscular tissue. 

Fig. 38, c shows the upper portion of the edges of the triangle drawn together 
by a continuous suture, and also a few sutures inserted into the deep muscles. 
In the central area the rectum can still be seen but this space will now be 
closed by other deep sutures inserted into the muscle. 

Fig. 38, b shows the completion of the suturing of the long sides of the triangle. 
The angles at the base of this triangle are brought together at what will be 
the centre of the new vulval outlet. As the vaginal edges are sutured, successive 
layers of deep muscle are folded together, and these are bound firmly together 
by means of deep sutures, usually in three dififerent layers. In this sketch the 
vnilval outlet is completed, one layer of sutures in the deep muscle is shown 
with the sutures tied and another layer inserted ready for tying. 

In Fig. 38, c the edges of the skin on the perineum are brought together by 
a continuous subcuticular suture. The labia minora are still sutured to the 
buttock. 

Fig. 38, d shows the completion of the operation. The sutures holding the 
labia minora have been cut and the edges of the skin of the perineum brought 
together. 

Throughout the operation nothing but catgut is used as a suture material 
and so there are no stitches to be removed during convalescence. The most 
important part of the operation both in the anterior and the posterior col- 
porrhaphy is the suturing of the deep muscle, as this shortens and strengthens 
the whole of the pelvic floor, the tissue which alone keeps the uterus in position. 
The excision of the vaginal mucosa merely removes tissue which otherwise 
would be redundant and gives access to the deep musculature, and the 
suturing of this vaginal mucosa is done only with a continuous suture and 
merely to promote quick healing and to control the oozing. This tissue itself 
is of no value in keeping the uterus in position, and if the pelvic musculature 
is not firmly sutured the prolapse of the uterus will quickly recur. 
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Fig. 38. — For explanation see text 

After-treatment and treatment of complications 

There should be as little interference as possible with the operation site. 
At the end of the operation the vagina is lightly packed with gauze 
dipped in bismuth, iodoform, and parafdn paste; this limits oozing and 
keeps the vaginal walls separated and the B.I.P.P. prevents the gauze 
from damaging the vaginal tissue. The gauze is removed in twenty-four 
hours. A sterile dry pad is kept over the perineum, which is kept as dry 
as possible during the healing process. After micturition and defaecation 
the parts are gently swabbed with surgical spirit to keep them clean and 
dry. The bowels should be moved on the third day, liquid paraffin and 
liquid extract of cascara sagrada being the aperient generally used as it 
gives a soft motion. If the perineum is healed the patient can get up at 
the end of a fortnight, but in many cases a few days longer are required. 
Most important of all, the patient must avoid any strain on the pelvic 
muscles for three months as the tissues can be stretched during this time. 
During this period she must not stand for long, play games, or increase 
intra-abdominal pressure by use of her abdominal muscles. 

Retention of urine often follows the operation; the patient should be 
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encouraged to pass urine but in a number of cases catheterization will be 
required and there is always a risk of resulting cystitis; a self-retaining 
catheter does not diminish the risk of infection. An intramuscular 
injection of doryl often produces spontaneous urination. 

Haemorrhage about one week after the operation occasionally occurs, 
due to incomplete healing of the cervix when the sutures give way. This 
usually means a slight degree of sepsis and the best treatment is to give 
an antiseptic douche such as diluted dettol and to insert an iodex 
pessary. This should be repeated for four or five consecutive days and, 
if it is begun at the first signs of a pink discharge, it is rarely necessary 
to do anything further. Very occasionally it is necessary to pack the 
vagina with gauze or even to insert a suture. 

Results of treatment 

The results of the operation of double colporrhaphy with amputation 
of the cervix are so good that in more and more centres it is becoming 
the only method of treatment. No operation for any condition can give 
one hundred per cent of cure, but this one nearly approaches this ideal. 
Some years ago, in order to assess the value of the operation, I wrote to 
a large number of consecutive patients who had been operated upon 
more than three years previously and received replies from 664. Of 
these only 24, or 3*61 per cent, were not completely satisfactory. But even 
this is much too high a figure as five of these had subsequently had 
children and 5 failed to come for examination. Of the 24 cases only 5, 
or 0-75 per cent, had any condition which justified further operative 
procedure and these were all cured by a second operation. 

The operation takes about half an hour to perform and does not impose 
any great strain upon the patient, certainly much less than any abdom- 
inal operation. The mortality is very low, in 2,152 cases only 0-37 per 
cent. 

Incontinence of urine is a little more difficult to cure than the other 
symptoms as the muscular tissue stitched over the urethra sometimes 
stretches. In these cases it is necessary to carry the anterior colporrhaphy 
forward, almost to the urethral orifice, and to plicate two and if possible 
three layers of muscular and connective tissue over the urethra. This is 
usually successful, provided that the patient will take much rest and not 
subject the parts to strain for three months. 

In elderly and old women the results are particularly good. This series 
included 5 patients aged respectively 70, 70, 71, 73, and 75 years, all of 
whom were cured. The one of 73 years of age reports that she does all 
her own work and can walk for miles. 

Genital prolapse in nulliparae is not very common but in Lancashire 
a few examples are seen every year, because so many women do hard 
work in the cotton mills. As there must be some developmental weak- 
ness of the pelvic floor it might be expected that the results of this opera- 
tion, which depends upon the strengthening of this structure, would be 
bad. This is not so, as in my last 32 cases 31 were completely cured. 
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These included two virgins of 16 years of age and three of 63 years of 
age. One virgin, now over sixty years of age, reports that she is a weaver 
and does a full day’s work looking after three looms. 

Subsequent parturition 

When a patient is advised to have this operation, knowing that the 
condition was produced in the first place by parturition, she is likely to 
ask: ‘Will it recur if I have other children?’ As the operation as nearly as 
possible replaces the pelvic floor into its original position there must 
always be a risk of recurrence of the prolapse with subsequent confine- 
ments. There is therefore a tendency to defer this operation until the 
family is completed. With due care during parturition, however, this 
recurrence is by no means inevitable and in 30 of my patients who sub- 
sequently had children 5, or 16- 5 per cent only, hadanysigns of recurrence; 
in no instance was the labour more difficult and in some it was made 
easier, in all probability as a result of removal of part of the cervix. The 
practical application of this is to defer operation until after the com- 
pletion of the family if the patient can be made comfortable with a 
pessary. If, however, the patient is not comfortable or dislikes the 
necessary cleansing and replacement of this instrument, a colporrhaphy 
can be done with the knowledge that subsequent confinements will not 
be more difficult, but that the patient must take a 20 per cent risk of 
recurrence of the prolapse, which again will require a colporrhaphy for 
its cure. 
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1 -CLASSIFICATION 

1586.] The uterus is particularly liable to the development of both 
benign and malignant new growths. The Tumour types' which affect 
the organ may be classified as follows, (i) Benign: {d) connective-tissue 
tumours: fibromyoma and lipomyoma; {b) epithelial tumours: adenoma 
and adeno-fibroma (polypi); and (c) combined epithelial and con- 
nective-tissue tumours: adenomyoma (endometriosis), (ii) Malignant: 
{d) connective-tissue tumours: sarcoma^ endothelioma, and peri- 
thelioma; and {b) epithelial tumours: carcinoma and chorionepi- 
thelioma. 

Adenomyoma {synonyms: endometrioma, endometriosis), adeno- 
fibroma including uterine polypi, and chorionepithelioma {synonym: 
deciduoma malignum) are described in the articles Endometriosis 
AND Adenomyoma, Vol. lY, p. 561; and Chorionepithelioma and 
Hydatidiform Mole, Vol. Ill, p. 220. 


2.-FIBROID TUMOURS 

(1) — ^Definition 

{Synonyms. — Fibromyoma; fibroma; myoma; leiomyoma; fibroid) 

Fibroid tumours of the uterus are benign new growths composed of 
white fibrous tissue and plain muscle in varying proportions. The 
smallest growths are essentially myomas, being composed entirely of 
muscle elements. 

(2) — ^Aetiology 

The causation of uterine fibroids, probably the commonest tumours 
occurring in the human species, is unknown. That these tumours 
never develop before puberty or after the menopause suggests that 
their growth may be a response to the tissue-stimulating properties 
of a sex hormone or to the local periodic vascularity of the uterus Sex hormone 
engendered by such. The influence of race, heredity, and sterility have 
E.M. VOL. xn 2 G 
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all been noted as possible aetiological factors in support of the view 
that an initial focus is laid down in the course of development and 
during foetal existence. The greater incidence of fibroids in black than 
in white races is established. From post-mortem records the incidence 
amongst white races is as high as one in four or five women. Thus 
Lockyer in 150 consecutive necropsies found myomas present in 30. 
Among negresses the incidence is still higher. An occasional example 
may be encountered between twenty and thirty or even before twenty, 
but the years thirty-five to forty-five provide by far the greater number. 
These are the years during which myomas are most likely to come 
under observation because of the symptoms which they produce. 
Heredity Heredity as a factor in aetiology is perhaps more debatable, but there 
is no doubt that certain families exhibit a marked tendency to develop 
new growths of this type. 

Sterility The association of fibroids with sterility is also commonly accepted 
(30 per cent as against an average sterihty rate of 10 per cent), but the 
relation between the two can only be a matter of conjecture. A sterile 
woman does not necessarily grow fibroids in her uterus, neither is a 
woman with a fibroid uterus always sterile, but sterility appears to 
predispose to these new growths. Opinion differs as to the higher 
incidence of these tumours in the married and the unmarried. The 
assertion that all elderly virgins are subjects of myomas is an 
exaggeration. 

Inflammatory Inflammatory diseases of the Fallopian tubes are commonly associated 
lesions uterine fibroids. In a series of 3,561 cases collated by Tracey, 

inflammatory lesions in the Fallopian tubes co-existed in 14*5 per cent. 
The conditions essential for the development of fibroid tumours in the 
uterus, why they are single or multiple, and what predestines the site 
of growth in the individual organ, remain problems of gynaecological 
pathology at present unsolved. 

(3)— MorMd Anatomy 

{a) Histological Classification 

All fibroid tumours of the uterus are primarily interstitial in position, 
Origin i.e. they develop in the muscle of the uterine wall. Whether they 
originate from the adventitia and media of vessel walls or by a process 
of metaplasia from the muscle fibres of the uterus is undecided. The 
"Seedling smallest growths, commonly termed ‘seedling fibroids’, are composed 
fibroids" spindle-shaped muscle-cells containing long nuclei rounded at 

Capsule their ends. At this early stage no separate capsule can be recognized, 
hut the closely packed cells with well stained nuclei distinguish the 
developing new growth from surrounding normal uterine tissue. As 
the tumour grows, a peripheral lymphatic cleft appears between it and 
the adjacent tissues, and emphasizes the encapsuled and benign char- 
acter of the new growth even before the true capsule has developed. 
‘Seedling’ fibroids may be quite unrecognizable to the naked eye 
01 touch, a fact which has some bearing upon the operation of 
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myomectomy, inasmuch as this conservative therapeutic method can 
never guarantee the eradication of all new grovvths that may be present. 

Any part of the uterus may be the starting point for a fibroid. The Site 
majority develop in the body of the organ, the cervix uteri being the 
seat of election in but 8 per cent of cases. Very rarely the uterine 
ligaments, e.g. the round or the ovarian, are primarily involved. These 
tumours are generally multiple, the incidence of the single tumour 
being only 1 or 2 per cent. Although in the first instance intramural 
in position, many myomas in the course of their growth approach 
either the peritoneal or the endometrial surfaces of the uterus. This 
has resulted in the common classification of these tumours into ‘inter- Classification 
stitial’, ‘subperitoneaF, and ‘submucous’ types. The classification is 
useful in that each group is associated with definite clinical features. 

A fibromyoma may also undergo various changes by virtue of its 
anatomical relation to the uterine wall. 


Interstitial fibroids 

Interstitial fibroids of the uterus appear as hard, rounded, or oval 
tumours which, because of the loose connective-tissue capsule sur- 



Pjg, 39. — Single interstitial fibroid of posterior uterine v/all showing the white 
whorled appearance of an uncomplicated tumour 


rounding them, can readily be enucleated from their bed. On section, 
small or moderately-sized growths present a white appearance, the 
surface being roughly lobulated as the result of interlacing fibres. 

The capsule which surrounds an interstitial fibroid and which Capsule 
sharply demarcates the tumour and surrounding healthy uterine tissue 
consists largely of muscle fibres. When one of these growths is enu- 
cleated the capsule contracts and retracts together with the uterine 
wall, a fact of considerable importance in limiting the amount of 
haemorrhage during surgical removal. The muscular and fibrous tissue 
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of tlie capsule is arranged loosely in parallel bundles in contradis- 
Snction S the dense interlacing fibres Nvhich constitute the tumour. 
The capsule also contains a liberal vascular and lymphatm suppy. 
mood-vessels in the tumour are few in number and small in size, except 

in rare instances termed ‘telangiectatic fibroids (Virchow). 

Single large fibroids are generally of the interstitial type 

cases* the growth produces considerable ° fivelnc'^ties 

and the length of the cavity may be increased to four or five inches 


Hyperplasia 
of uterine 
muscle 



p.Q 40 Large single interstitial fibroid of posterior uterine wall showing 

elongation of uterine cavity and polypoidal hyperplasia of endometrium 


or even more (see Fig. 40). The development of an interstitial fibroid 
in the wall of the uterus results not uncommonly in considerable hyper- 
plasia of the uterine muscle, so that after enucleation of the tumour 
the organ may still be twice its normal size. This hyperplasia is prob- 
ably caused by increased vascularity associated with the presence of a 
large interstitial growth. Interstitial tumours are commonly associated 
with subperitoneal and submucous growths, the whole forming a 
tumour mass which in some cases leads to great distortmn of the 
uterus and may reach immense dimensions; growths weighing 47, 89, 
and even 180 lb. are on record. 


Subperitoneal fibroids 

Subperitoneal, or subserous, fibroids result from the gradual growth 
of interstitial myomas towards the serous surface of the uterus. The 
tumour first appears as a small rounded prominence on the surface. 
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At this stage, when the new growth is sessile and appears to the naked 
eye to be lying immediately below the peritoneal coat of the uterus, 
a small covering of muscle may be demonstrated microscopically: 
i,e. the fibroid is still strictly interstitial. Finally the tumour is extruded 
from the uterine wall, to which it remains attached by a stalk or pedicle 
of varying thickness. 

The pedicle contains muscular tissue and conveys blood-vessels and Ped/cle 
lymphatics which, in large tumours, are of considerable size; in sub- 
serous uterine fibroids it is usually flat and broad. Although con- 
siderable mobility of the tumour is possible, torsion of the pedicle is Torsion 
rare in comparison with the frequency of this accident with ovarian 
tumours. Growths of moderate size with much elongated peritoneal 
stalks, however, occasionally do undergo an acute twist and in some 
cases become completely detached from the uterus. Such a tumour may "Parasitic 
acquire secondary attachment to, and be vascularized by, the omentum 
and is then called a ‘parasitic fibroid’. 

Pedunculated subperitoneal fibroids may reach an immense size and Size 
are some of the largest abdominal tumours known. Owing to their 
free mobility they soon rise into the abdominal cavity, but a sub- 
peritoneal tumour growing from the posterior wall of the uterus easily 
becomes incarcerated in the recto-uterine fossa (pouch of Douglas) 
below the sacral promontory. Owing to deficient blood-supply, sub- Degeneration 
serous fibromyomas commonly undergo various types of degeneration, 
hyaline and cystic change being perhaps the most common. The uterus, 
even when associated with multiple, and in some cases very large, sub- 
peritoneal fibroids, is by no means always increased in size. Indeed it 
may be possible to remove a number of large growths of this type and 
to leave an organ comparatively normal in shape and dimensions. A 
subperitoneal pedunculated fibroid therefore presents a very different 
proposition from a large single interstitial tumour of similar size, both 
in symptoms and treatment. 

Subserous tumours developing from the lateral wall of the uterus intra- 
separate the folds of the corresponding broad ligament and are then 
known as intra-ligamentary. Such tumours, and also those which grow 
from the anterior or posterior walls of the uterus below the peritoneal 
reflexion, displace the organ and, since they cannot rise into the 
abdominal cavity, are particularly liable to cause severe pressure 
symptoms. When retroperitoneal fibroids find their way into the 
general abdominal cavity they cause much displacement of adjacent 
viscera. Large tumours may extend in the cellular tissue of the abdominal 
wall as high as the lower pole of the kidney, and displace the caecum 
or pelvic colon forwards according to the side of the abdomen which 
they affect. 

Cervical fibroids 

A cervical fibroid may be regarded as a type of retroperitoneal 
growth. The supravaginal portion is usually affected, fibroids of 
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True cervical 
fibroids 


^Fabe* 

cervical 

fibroids 


the vaginal portion of the cervix being very rare. Cervical myomas 
are generally single and appear to be associated more commonly 
with the posterior than the anterior wall. Two types must be distin- 
guished, the ‘true’ and the ‘false’. A true cervical fibroid develops within 
the tissues of the supravaginal cervix, and the cervical canal is always 
much elongated. The body of the uterus is of normal size and pushed 
upwards by the growth of the rounded or oval tumour which occupies 
the pelvic cavity; it can often be palpated above the pubes. ‘False’ or 
‘pseudo’-cervical fibroids are attached to the supravaginal cervix by 
either a pedicle or a broad base. They develop in a retroperitoneal 
position and cause considerable dislocation of adjacent structures 
such as the ureters and the uterine vessels. These facts should be 
remembered when such tumours are being surgically removed. 


Submucous fibroids 

Submucous fibroids, like the subserous types, are generally considered 
to arise from the development of an interstitial tumour towards the 



Fig. 41.— Large submucous fibroid of ‘cup and ball’ type: the single tumour 
completely fills the dilated uterine cavity 

endometrium lining the uterine cavity. A ‘seedling’ microscopical 
myoma, however, occasionally grows in such close relation to the 
endometrium as to be submucous ab initio. Submucous myomas are 
often single, in which event they may be sessile with a broad base or 
be pedunculated. As a result of periodical uterine contraction a sub- 
mucous tumour tends to become pedunculated and polypoid early. 

Fibroid polyp The stalk may be so lengthened as to allow the tumour to be extruded 
through the cervical canal and occasionally even outside the vulva. 
During the process of expulsion of a pedunculated submucous fibroid 
from the uterine cavity, uterine polarity results in the cervix being 
widely dilated. 
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Large submucous tumours on the other hand always maintain a 
broad base of attachment to the uterus. The cavity of the organ then 
increases in size and the tumour is moulded to the contour of the uterine 
wall. A large fibroid may be partly interstitial and partly submucous. 

The uterus enlarges symmetrically and the fibroid distends the cavity 
in a ‘cup and ball’ manner (see Fig. 41). 

Occasionally submucous fibroids may be small and numerous, filling Multiple 
the cavity of the organ like calculi in the gall-bladder. The analog^’ is 



Fig. 42. — Multiple small submucous fibroids showing ‘faceting’ caused by close 
apposition of tumour surfaces: at x a ‘seedling’ fibroid in an ‘interstitial’ position 
is seen 

rendered closer by the faceted appearance of some of the small tumours 
(see Fig. 42). A submucous fibroid in process of expulsion may cause 
spontaneous inversion of the uterus; this, however, should always Inversion of 
arouse the suspicion of possible coexistent malignancy of a sarcomatous 
nature, since the normal healthy uterine fundus does not readily undergo 
inversion. 

The tumour is at first covered completely by endometrium, but with Endometrium 
increased growth the tissue at the distal pole becomes more and more 
attenuated until it is represented by a single layer of cells. In the recesses 
and angles at the base of the fibroid, and often over the rest of the uterus, 
the endometrium is commonly hypertrophic or polypoid (see Fig. 40). 
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During menstruation this hyperplasic endometrium is congested either 
diffusely or locally, and it is from this surface, as distinct from the 
tumour, that the severe bleeding associated with submucous fibroids 
occurs. When a pedunculated submucous fibroid occupies the vagina 
Metaplasia the covering endometrium commonly undergoes metaplasia to a 
squamous type of epithelium. Owing to defective vascular supply and 
exposure, such tumours not uncommonly become inflamed or necrotic. 
Rarely the interstitial or subperitoneal forms are so affected. 

Although the majority of submucous fibroids are of moderate size or 
small when they first come under observation, a tumour in this position 
may reach dimensions comparable to those of a twenty-four weeks’ 
gestation. The enlarged uterus is then of uniform shape and consistence 
and may simulate the pregnant organ. 

(b) Morbid Changes in Fibroids 

Fibromatous tumours of the uterus often show secondary morbid 
lesions, mostly associated with alterations in the vascular supply, a 
deficiency resulting in various degenerative changes, e.g. hyaline, cystic, 
fatty, calcareous, or necrobiotic. Impaction or incarceration of a fibroid 
is soon followed by oedema and lymphangiectasis. Axial rotation of a 
subperitoneal pedunculated tumour is associated with congestion and 
haemorrhage, or necrosis of the growth. A tumour may also become 
inflamed as the result of infection from the endometrium or directly 
from a coil of adherent intestine. If the infection is sufficiently acute, 
gangrene and sloughing occur. Suppuration within a fibroid, however, 
Malignant is rare. Finally, malignant metaplasia of a mesoblastic type converting 
metaplasia originally benign new growth into a highly malignant sarcoma 

occurs in slightly under 1 per cent of observed tumours. 

Hyaline degeneration 

Hyaline degeneration is very common in all types and is the usual 
Naked-eye concomitant of malnutrition from vascular deficiency. To the naked 
appearances ^ tumour on section shows dull grey areas contrasted with 

Microscopical the white appearance of the healthy tumour. Under the microscope it 
appearances ^jjj irregular areas of fibrous tissue are replaced by a 

homogeneous material which stains readily with eosin and fuchsine. 
The muscle elements are usually intact and even in advanced cases 
the nuclei of the muscle-cells retain the haematoxylin stain. The same 
resistance is shown by the vessel walls. The distribution of hyalin in 
a fibroid tumour varies within wide limits. Sometimes only a small 
area is affected; in other cases the whole growth may be involved in 
^sociation either a trabecular or patchy manner. Lockyer drew attention to the 
sarcomatous close association between hyaline degeneration in a fibromyoma and 
metaplama sarcomatous metaplasia of the muscle-cells. 

Cystic degeneration 

Cystic degeneration is generally the result of liquefaction of hyaline 
areas, the distribution of these areas determining the size, shape, and 
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character of the cystic spaces. The latter are lined by hyaline tissue 

and in no sense are they true cysts. In most instances cystic degeneration Naked-eye 
rr ^ ^ - t , • c appearances 

ariects a tumour in a honeycomb manner producing a congeries or 

small spaces containing albuminous straw-coloured fluid. Occasionally 

large cavities are formed by the liquefaction of corresponding plaques 

of hyaline tissue, or by the absorption of trabeculae between adjacent 

cysts. Rarely liquefaction is so extensive as to involve nearly the whole 

of a tumour, converting it into a single large cyst. Admixture of the 

contained fluid with blood pigment results in a brown or reddish-brown 

appearance of the contents. Cystic degeneration is also occasionally 

associated with a ‘necrobiotic’ fibroid (see below), when the contained 

fluid is dark red and resembles venous blood. 

True cysts, i.e. spaces lined by epithelium or endothelium as distinct True cysts 
from cystic degeneration, are rare in fibroid tumours of the uterus. 

When they occur they are probably the result of dilatation of lymphatic 
channels (lymphangiectasis) or of included uterine glands. In the latter 
instance the tumour is probably an adenomyoma (see Vol. IV, p. 561) 
and not a true fibromyoma. 

Fatty degeneration 

Fatty degeneration affects the myomatous elements of a fibroid and 
is preceded by hyaline change. Fresh sections, appropriately stained, 
show fat-droplets in the line of the muscular fibres. The cause of this Cause 
degeneration is probably a vascular defect, e.g. local thrombosis, but 
the precise determining factor is unknown. Not uncommonly one 
tumour among a large number is affected, when it may be homogeneous 
in appearance without the typical ‘whorled’ appearance of the unaffected 
fibroid (see Fig. 39). The colour is cream or yellow but varies according 
as haemolysis has or has not taken place. In such an event the transition 
to necrobiotic degeneration is very close. Fatty degeneration always 
precedes the deposition of calcareous salts and is more likely to occur 
in elderly subjects. 

Calcification 

Calcareous fibroids are the result of deposition in the tissues of 
calcium carbonate and calcium phosphate. This deposit may be 
scattered homogeneously throughout the growth or form a shell at 
the periphery. All types of fibromyoma are liable to this change which 
is more common after the menopause; it is always preceded by hyaline 
and fatty degeneration. Soaps and soap-albumins are formed and 
unite with calcium derived from the blood. Calcification in a myoma 
can be detected by radiography. Calcified tumours of this type (womb- 
stones) have been found in the pelves of female Egyptian mummies. 

Necrobiotic degeneration 

Necrobiotic degeneration, although not the commonest, is perhaps 
the most interesting morbid change. Fibroids which have undergone 
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this degeneration are comparatively soft and vary in colour from yellow 
or grey to deep red. The more extreme examples resemble uncooked 
meat, and the alternative names of Taw-beef’ or Ted’ degeneration 
are sometimes applied. Necrobiotic fibroids can hardly be classed as 
a morbid entity since the morbid change is not specific. They are 
extreme types of necrosis with associated fatty degeneration and exten- 
sive staining with blood pigment. The use of these terms has become 
restricted partly as the result of the striking naked-eye appearance 
(see Plate XI, a), and partly from the clinical association with pregnancy, 
although co-existing pregnancy is not an essential requirement. The 
large, single, intramural fibroid is most commonly affected. Occasionally 
necrobiosis is seen in one tumour only, even when many are present. 
Incidence A pedunculated subperitoneal fibroid may be the seat of necrosis with 
haemolysis. It is seen not uncommonly in association with calcareous 
degeneration of the peripheral vessels in elderly patients. The term 
necrobiosis is perhaps a misnomer, but its continued use is justified 
because there is clinical evidence to show that some of these fibroids 
recover, and because the tissue is not dead as the word ‘necrosis’ 
Symptoms implies. A tumour in which red degeneration is well established is tender 
and often associated with slight pyrexia. In some cases in which surgical 
intervention has been withheld, during pregnancy for example, these 
symptoms have subsequently subsided. 

On section a necrobiotic fibroid presents definite characters. Apart 
Naked-eye from the unusual colour and consistence, the presence of thrombosed 
appearances vessels in the capsule should be noted. An additional feature is the 
unpleasant odour described as ‘musty’, ‘fishy’, ‘mousy’, or resembling 
acetamide. The special features of this type of degeneration have no 
relation to inflammation or infection. Bacteria have been noted by 
some observers, but it is now generally accepted that the bacterial 
^ infection is secondary and of no aetiological importance. 

Atrophy 

Atrophy, in association with uterine fibroids, is of no great significance, 
especially from the clinical standpoint. The opinion is held by some 
practitioners and by many others that at the menopause fibromyomas 
not only atrophy but may disappear. It is true that with the cessation 
of ovarian function some tumours of this type become smaller, but 
the possibility of this happening should never influence the course of 
treatment which the immediate symptoms otherwise indicate. I have 
no personal experience of the total disappearance of fibroids by 
atrophy, and am sceptical about its occurrence. Lawson Tait in 1882 
removed ovaries with the purpose of producing atrophy in fibroids, 
and the same principle is now applied in some clinics by irradiation 
with X-rays. Cross-fire application produces a primary atrophy of the 
ovaries, and this may result in subsequent atrophy of the uterus and 
any fibroids it contains. 




A 



A. Interstitial fibroid undergoing early necrobiotic degeneration or 

B Fibroid and endometriosis of the ovaries. Both ovanes are the seat of endometnomatou 
foci’ which are shown at X and Y. The left ovary was densely adherent to the postenor wall 
of the uterus at the points indicated (X) 

Plate XI 


[To face p. 45S 
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Oedema 

Oedema in a fibroid is caused by partial obstruction of the lymphatic 
vessels. It is the result of mechanical compression, as when a tumour is 
incarcerated within the pelvic cavity, and is therefore an uncommon 
complication. Such a tumour is soft and on section exudes much 
serum with a low albumin content, thus differing from the highly 
albuminous exudate associated with the liquefaction of hyaline areas. 

Care must be taken not to confuse a fibroid which is the seat of extensive 
cystic degeneration with this lesion. Both tumours exude much fluid 
on section, but the morbid anatomy of each is entirely different. When 
the lymphatic channels are much dilated lymphangiectasis results. 

Torsiofi 

Axial rotation of a pedunculated subserous fibroid is uncommon. 

Partial torsion causes extreme congestion of the tumour with inter- 
stitial haemorrhages into its substance. Such fibroids are purphsh-red 
and usually adherent to neighbouring structures, e.g. omentum or a 
loop of intestine. Reference has already been made to 'parasitic fibroids’ 

(see p. 453). Very rarely, complete axial rotation of the uterus occurs With axial 
together with a fibroid. Bastianelli recorded an instance of such acute 
torsion that the uterus was amputated at the level of the internal os. 


Inflammation 

Inflammation of fibroid tumours is limited almost entirely to sub- Mode of 
mucous types, the reason being that the infection is usually ascending 
and conveyed via the endometrium. Occasionally infection of a myoma 
occurs directly through the intestinal wall or even through the blood- 
stream. Co-existing pelvic peritonitis (perimetritis), salpingo-ovaritis, 
or pelvic endometriosis are usually associated with wide-spread 
adhesions, often very dense, over the surface of a fibroid. 

Sloughing 

Invasion of a fibroid by saprophytic organisms results in gangrene or 
sloughing. Exposure of the growth to the infecting organism is essential, 
and therefore sloughing occurs in the submucous tumour, especially 
when polypoid and occupying the vaginal canal. A common cause 
of sloughing is trauma to the capsule, either by instrumentation, e.g. 
curettage, or by spontaneous tearing during extrusion of the tumour 
from the uterus. Sloughing fibroids are always associated with a most 
offensive discharge related to the tissue products of bacterial activity. 

Malignant metaplasia 

Uterine fibromas may be invaded either by a carcinoma or sarcoma Invasion 
from adjacent organs, or by a malignant new growth which has 
developed independently in the uterus. On the other hand sarcoma 
may appear de novo in a fibroid, as the result of metaplasia of either 
the fibrous or myomatous elements. Perithelioma and endothehoma Metaplasia 
may also arise from the blood-vessels or capillaries of a benign new 



Incidence 


Malignant 

leiomyomas 


Naked-eye 

appearances 


Effect on 
fertility and 
menopause 


Primary and 

secondary 

symptoms 


Factors 

determining 

haemorrhage 


460 UTERUS, DISEASES AND DISORDERS [voL.xn 

growth. The incidence of sarcomatous metaplasia is variously quoted 
as between 1-21 (Cullen) and 1-5 per cent (Tracey); these figures appear 
rather high, and probably 1 per cent is more nearly correct. Micro- 
scopically, sarcomas derived from connective tissues are either spindle- 
celled or round-celled, those of muscle origin being spindle-celled. 
It is not easy always to recognize the spindle sarcomatous cell in 
a fibromyoma, and histological mistakes occasionally happen. The 
typical malignant cell is large and has a large nucleus with mitotic 
figures. The cell tends to become angular and to develop branching 
processes. Extraordinary examples do not show any of these criteria 
but metastasize in spite of the microscopical innocence of the primary 
uterine growth. Such tumours have been termed ‘malignant leio- 
myomas’. 

To the naked eye, a fibromyoma undergoing extensive sarcomatous 
metaplasia presents a characteristic appearance. In consistence the 
affected area is softer than the usual fibroid, its colour is creamy or 
yellow instead of white, and the typical whorled appearance of the 
cut section is absent. The degenerated growth contains areas of blood- 
stained tissue or even cysts containing blood-stained fluid, the distinc- 
tion between malignant and non-malignant areas being usually well 
defined. The central area of a fibromyoma is most commonly the first 
to be affected by malignant metaplasia. The close association of hyaline 
degeneration with sarcomatous metaplasia of adjacent myomatous cells 
has already been noted. 

(4) — Clinical Picture 

How long a tumour may exist before it causes symptoms is not known, 
this factor depending on the position of the fibroma in the uterine wall, 
its vascularity, and its rate of growth. In many cases, especially with 
subperitoneal fibroids, the size of the tumour first brings the patient 
under observation. Amazing instances sometimes occur in which an 
immense fibroid is present without apparently causing any symptoms 
and is not noticed by the unobservant woman. The association of 
fibroids with sterility has already been noted (see p. 450). Among 
women with fibroids the menopause is commonly delayed, and it is 
not uncommon to find such women menstruating at the age of fifty- 
five or more. 

The symptoms may conveniently be classified as primary and 
secondary; the primary group includes haemorrhage, leucorrhoea, pain, 
pressure effects, and sterility. The secondary group contains such 
clinical phenomena as anaemia, dyspepsia, constipation, and asthenia. 

Haemorrhage 

Haemorrhage is probably the most usual symptom but excessive 
bleeding from the uterus is by no means constant or essential. Its 
incidence depends upon two and possibly three factors, namely: (i) the 
position of the fibroid in the uterus, (ii) the secondary effects induced 
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in the uterus and particularly in the endometrium, and (iii) coincident 
lesions in the ovaries resulting from associated circulatory changes in 
the pelvic organs. 

In subperitoneal tumours the uterus may be normal in size and its Subperitoneal 
endometrium unaltered, the menstrual function being little, if at all, 
affected. Bleeding is most in evidence with submucous grovvlhs, 
particularly when polypoid and in process of extrusion from the 
uterine cavity. In such circumstances repeated severe and finally con- 
tinuous haemorrhage soon establishes profound secondary anaemia. 

Interstitial fibroids may or may not be associated with excessive or Interstitial 
prolonged uterine bleeding. In most instances the uterine cavity is not 
only increased in size but is distorted and the endometrium hyper- 
trophic or polypoid, and under these conditions haemorrhage is always 
excessive. At first the period may simply be increased in amount 
(menorrhagia); later it becomes prolonged (menostaxis), until finally one 
function merges gradually into the next. Menstrual irregularity usually 
implies secondary changes in the ovaries in the form of oedematous 
Graafian foUicles which fail to mature or luteinize. 

Haemorrhage from a fibroid uterus is rarely immediately fatal, but Anaemia 
death is not unknown. The secondary anaemia following repeated 
haemorrhages over a long period may, however, be severe and, since 
other symptoms may be absent, a woman at the menopausal age may 
pass into a dangerous state of asthenia before advice is sought. 
Haemorrhage is serious when a patient complains that she feels weak 
and listless at the close of the menstrual period or that it takes her a 
week or ten days to recover. 

Leucorrhoea 

Many patients with fibroids notice an increase in the normal vaginal 
discharge, which in some cases is not only a source of discomfort by 
reason of its excess but also irritating and a cause of vulval pruritus. Pruritus 
Endometrial hypertrophy, especially when polypoidal, accounts in 
most cases for troublesome leucorrhoea of this type. Occasionally it 
may be associated with co-existing catarrh of the cervical mucosa 
(endocervicitis) or with a cervical erosion (see also Vol. YII, p. 715). 

When a submucous fibroid is sloughing and infected with saprophytic 
organisms, a profuse and most offensive discharge, which may or may 
not be mixed with blood, is always present. 

Pain 

Pain is not a common symptom of myomas. Ordinary simple fibroids 
are not painful, and pain usually signifies some secondary change or 
an associated pelvic lesion, not necessarily related to the tumour. 

Necrobiosis may render a fibroid painful and tender, as may the onset Complications 
of malignant metaplasia, the pain increasing with extension of the 
sarcomatous growth. An inflamed fibroid is painful, but the cause of 
the inflammation is generally outside the tumour, e.g. an adherent 
pyosalpinx or inflamed pelvic appendix, and it is the associated lesion 
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whici produces the local discomfort. But infection of a submucous 
tumour and sloughing may cause severe pelvic pain and pyrexia. 
Among cases of fibroids in which pain is the symptom to bring the 
patient under observation, it is not unusual to find an associated 
pelvic endometriosis (see Plate XI, b). Keene and Kimbrough in a 
series of 118 cases of endometriosis found uterine fibroids in 554 
per cent. A simple uncomplicated fibromyoma, however, may occasion 
pain during menstruation, during pregnancy, and by pressure upon 
adjacent structures. During the premenstrual phase a large interstitial 
fibroid sometimes causes considerable pelvic discomfort. Also during 
menstruation the normal uterine contractions may be colicky and pain- 
ful, especially with an interstitial or submucous tumour in process of 
expulsion into the uterine cavity. During pregnancy, increased vas- 
cularity of the uterus affects an interstitial fibromyoma in its wall and 
thus increases any pelvic discomfort that may be present. A fibroid 
in these circumstances may become tender irrespective of the presence 
of ‘red degeneration’ (see p. 458). Finally pain is produced by incarcera- 
tion of a fibroid uterus within the pelvis and pressure upon adjacent 
vessels and viscera. 

Pressure effects 

When a fibroid tumour by reason of its position or size is incarcerated 
in the pelvic cavity, symptoms of pressure upon adjacent structures 
are liable to occur. Cervical or retroperitoneal growths are the most 
likely to cause trouble of this kind, but occasionally an interstitial 
single fibroid of the posterior wall or a pedunculated subperitoneal 
tumour may become impacted below the sacral promontory and give 
rise to pressure symptoms. 

The bladder is perhaps the viscus most commonly affected, but this 
organ is able to adapt itself to circumstances in a remarkable manner, 
and only with cervical or impacted tumours without any range of 
movement are vesical symptoms likely to occur. The commonest of 
these is frequency of micturition, usually painless. Retention of urine 
and ‘retention incontinence’ are uncommon and in most cases are 
asspciated with large cervical growths displacing the bladder upwards 
and stretching the urethra. Chronic retention and cystitis are rarely 
associated with uterine fibroids. Acute retention is most likely to 
occur either just before or during the menstrual function, on account of 
slight increase in size from temporary congestion. 

A ureter is not uncommonly displaced by a retroperitoneal fibroid 
tumour growing between the layers of the broad ligament; but it is 
seldom that such a ureter is so seriously involved as to result in hydro- 
ureter or hydronephrosis. 

The rectum may he compressed by an incarcerated pelvic tumour, 
leading to constipation and haemorrhoids. Calcification of an impacted 
fibroid in an elderly subject has occasionally exerted sufficient pressure 
upon the rectum to produce chronic intestinal obstruction. 
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Pressure upon blood-vessels, more particularly the external iliac vein Pressure on 
at the pelvic brim, sometimes produces varicosity of veins or oedema 
in the corresponding lower extremity. Generally the blood-vessels are 
sufficiently protected by muscular tissues to escape much direct com- 
pression. The same applies in even greater degree to the nerves of the 
lumbo-sacral and sacral plexuses. Only retroperitoneal tumours exert 
pressure so direct and so severe as to cause symptoms. Therefore pain 
such as sciatica, associated with a large fibromyoma, is not necessarily 
attributable to the presence of the tumour, and relief of pressure is not 
always associated with relief of the sciatic neuralgia. Large abdominal Pressure on 
fibromyomas displace not only the intestines, but also the stomach, fniTstines"^ 
seriously impairing gastric and hepatic functions; the cardiac and 
respiratory mechanisms are also not uncommonly embarrassed. 

Reproductive function 

Reference has already been made to the effect that fibroids exert 
upon the reproductive functions (see p. 450). Not only is absolute Sterility 



Fig. 43. — Fibroids complicating pregnancy. The uterus is the seat of multiple fibroid 
tumours, one occupying the lower segment. The uterus has been laid open 
exposing an early ovum in its cavity: the embryo is visible in the amniotic sac 

Sterility more common, but relative sterility is increased. A woman Abortion and 
with an interstitial or submucous fibroid in her uterus is more likely to 
abort or be the subject of a premature labour. 

Apart from this tendency, pregnancy complicated by fibroids is liable ConipUcations 
to other complications. In addition to the risk of necrobiosis or ‘red p^gnancy 
degeneration’ a submucous fibroid may also be infected during labour, 
or slough as the result of damage to its capsule. Some submucous 
fibroids are extruded during the puerperium, this occurrence being 
commonly associated with severe bleeding. The presence of a tumour Malpresenta- 
in the uterus increases the risk of a malpresentation; if it is in the 
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lower uterine segment or cervix it will also obstruct labour, and during 
the third stage may interfere with physiological retraction and cause 
severe post-partum haemorrhage. An interstitial or submucous fibroid 
may therefore prove a serious hindrance to the reproductive function; 
on the other hand most subperitoneal, and some interstitial, tumours 
cause no trouble; several pregnancies and labours have been safely 
negotiated by the subjects of such growths. Munro Kerr showed that 
some fibroid tumours discovered in patients during the early months 
of pregnancy, which might reasonably be thought to introduce an 
element of danger, have later been lifted out of the pelvic cavity and 
have not caused any difficulty whatsoever. 
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(5) — Course and Prognosis 

Many cases of uterine myoma run their course without interfering 
with the patient’s comfort or mode of life. As women with fibroids in 
the uterus may be ignorant of the fact, it is impossible to produce 
reliable statistical evidence of the proportion of these tumours which 
cause trouble by their size or secondary complications. 

The question not uncommonly arises how long has a tumour been 
present. The rate of growth of a fibromyoma varies within considerable 
limits and depends not only on its vascular supply but also on the 
age of the patient and the position of the tumour within the uterus. 
Large single interstitial fibroids with well vascularized capsules develop 
more rapidly than multiple subperitoneal and especially pedunculated 
tumours, and intercurrent pregnancy favours rapid growth. Fibroids 
also appear to grow more rapidly in young patients in the late twenties 
or early thirties than in the woman approaching the menopause. 
The removal of a myoma by myomectomy in a young patient may 
therefore prevent hysterectomy for a large tumour at a later date. 
The fact that the growth of fibroids diminishes as the menopause 
approaches should not, however, influence the question of surgical 
treatment when urgent or severe symptoms indicate that it is 
necessary. The presence of fibroids tends to delay the onset of the 
menopause. 

Some types of myoma are liable to special risks; thus the submucous 
polypoidal tumour is liable to slough, the single interstitial fibroid to 
undergo cystic or necrobiotic degeneration, and the subperitoneal 
pedunculated growth to twisting of its pedicle or to become adherent 
to adjacent tissues. The risk of malignant metaplasia occurring in a 
fibromyoma is about 1 per cent. Apart from this danger the likelihood of 
a fibroid being a direct cause of death is not great, in spite of the severe 
degree of secondary anaemia sometimes present when a patient first 
applies for treatment. 

Lockyer estimated that about 45 per cent of patients with uterine 
fibroids present symptoms calling for treatment. Although they do 
not dispose to a fatal issue, there can be little doubt that they are 
responsible for a considerable amount of ill-health. The same author 
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has stated that these patients constitute about 10 per cent of all g^^naeco- 
logical cases. 

(6) — Diagnosis and Differential Diagnosis 

The diagnosis of a uterine fibroid or fibroids does not, as a rule. Abdominal 
present much difficulty. In the case of an abdominal tumour factors 
such as obesity, nervous rigidity, or co-existing ascites of extraneous 
origin may be troublesome factors, but in most instances the presence 
of a hard, rounded, median or paramedian swelling will prove most 
commonly to be a uterine fibroid. If doubt exists about the nature or 
relations of a tumour, examination under deep general anaesthesia is 
useful and advisable. 

With large tumours difficulty may arise in distinguishing between an Diagnosis ^ 
ovarian new growth and a uterine fibroid. The o\ arian tumours are ^^ewgwwtT 
cystic in the proportion of about nine to one, and therefore the solidity 
of a doubtful tumour of pelvic origin is in favour of uterine origin and 
of a fibroid. It is important to establish, by means of bimanual examina- 
tion, the relation of the cervix uteri to the tumour. The latter should 
be lifted out of the pelvis by a hand placed upon the abdomen. If the 
cervix is raised by this manoeuvre it may be accepted that the new 
growth is of uterine origin or adherent to the uterus. Subperitoneal 
pedunculated fibroids as a rule do not allow of such a clear deduction, 
especially when the ‘stalk’ is long. The diagnosis between such a tumour 
and an ovarian cyst is rendered more difficult should the former happen 
to be elastic or cystic from degeneration. 

With medium-sized fibroids, either within the pelvis or just above 
the pelvic brim, the continuity of the cervk with the tumour mass is 
easily established by combined abdominal and vaginal examination. 

In cases of doubt it is inadvisable to use the uterine sound. Information Use of 
that may be gained as to the length of the cavity is not reliable owing 
to distortion of, or encroachment upon, the cavity by the tumour. 

This statement, however, does not apply to the diagnosis of submucous 
and especially polypoid fibroids, in which the sound may be of con- 
siderable value. 

In the diagnosis between submucous or interstitial tumours which Diagnosis 
have produced uniform enlargement of the uterus, and pregnancy of 
the same size, care is necessary. Consideration of the menstrual history, 
the state of the breasts and cervix, and the presence of intermittent 
contractions or foetal heart-sounds will usually decide the diagnosis. 

Only in cases of deliberate concealment of pregnancy when false 
information upon the menstrual function is supplied, or when a fibroid 
uterus is complicated by early pregnancy, is difficulty likely to arise. 

The Aschheim-Zondek test, and radiography during the later months, 
are of value. Although changes suggesting pregnancy may be present 
in the breasts and cervix in a patient with fibroids in her uterus, the 
degree of such changes is important in diagnosis. With uterine fibroids 
a little secretion may be expressed from the nipple, or the cervix may 
E.M. VOL. xn 2 H 
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even be a little softened, but not to a degree comparable with the 
conditions during pregnancy. 

An early pregnancy, which has terminated as a carneous mole or 
missed abortion, may closely simulate a submucous myoma. The 
organ is enlarged, rounded, and firm, and the associated irregular 
uterine bleeding may lead to an error in diagnosis. In cases of doubt 
therefore it is always advisable to explore the uterine cavity under 
anaesthesia, after dilatation of the cervix, before resorting to any 
serious surgical procedure. A uterine souffle is not uncommonly audible 
over a large interstitial uterine fibroid, very similar to that heard over 
the pregnant uterus. Ovarian tumours are commonly dumb on ausculta- 
tion. 

Cervical and retroperitoneal fibroids may be recognized by their 
immobility and the displacement of adjacent viscera which they produce. 
Cervical growths may almost fill the pelvic cavity but rarely extend 
higher or as high as the umbilicus. The body of the uterus can 
commonly be palpated on the summit of the abdominal tumour, and 
care must be taken to identify it as such and not to mistake it for 
a small subperitoneal fibroid. With both retroperitoneal and cervical 
fibroids some difficulty may occur in recognizing and locating the 
vaginal cervix, as the cervix is often pulled upwards and forwards 
behind or even above the pubes. The anterior vaginal wall is corre- 
spondingly flattened and lengthened. Menstruation is not affected by 
the presence of cervical or retroperitoneal fibroids. The symptoms 
which cause the patient to seek advice are associated with the mechanical 
dislocation of adjacent viscera, for example retention of urine and 
increasing constipation. 

Although the nature of an abdomino-pelvic or pelvic tumour may 
be suspected, the exact diagnosis of a uterine fibromyoma can only 
be made by expert microscopical examination after its removal. For 
example, an adenomyoma produces identical physical signs, and its 
precise nature may be evident only when it is examined on section. In 
the same way the various degenerations to which fibroids are subject 
may be anticipated from a consideration of the symptoms, but definite 
proof can only be suppHed after removal. 

The diagnosis of intrapelvic uterine fibroids depends in great measure 
upon the care with which a bimanual examination is conducted and 
the interpretation of the physical signs. A submucous or interstitial 
fibroid produces nothing more than uniform enlargement of the uterus 
which must be distinguished from such conditions as molar pregnancy, 
chronic subinvolution, diffuse uterine fibrosis, and carcinoma of the 
corpus uteri. Exploration of the uterine cavity under anaesthesia by 
means of the gloved finger, uterine sound, or diagnostic curettage may 
be the only means of reaching a diagnosis. A subperitoneal fibroid 
situated in the recto-uterine fossa (pouch of Douglas) or in one of 
the postero-lateral quadrants of the pelvic cavity can be recognized 
by its physical characters and its relation to the uterus. These should 
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suffice to distinguish it from other pelvic swellings such as a small 
ovarian cyst, adherent or inflamed uterine appendages, inflammatoiy^ 
effusions, haematocele, and faecal accumulations in the rectum or 
pelvic colon. 

Submucous myomas in process of expulsion from the uterus through Fibroid polyp 
the external os sometimes cause difficulty in diagnosis. The recognition 
of a smooth rounded fibroid polypus in the vagina is not difficult when 
the long pedicle can be felt in the cervical canal by the examining finger. 

When a tumour fills the vagina and has undergone necrotic changes Diagnosis 
the resemblance to a fungating carcinoma of the vasinal cervix mav ^ 
be very close. Indeed, the diagnosis may not be possible until the cervix 
attachments of the new growth have been verified by examination 
under anaesthesia, and, if necessary, removal of the necrotic growth. 

The association of the latter with a profuse stinking discharge com- 
monly complicates the diagnosis still further. 

Care must also be taken not to regard a submucous fibroid in process From inverted 
of extrusion through the external os as inversion of the uterus, and 
vice versa. This mistake, which may happen during the puerperium if 
the possibility is not recognized, should be avoided by careful bimanual 
examination and the use of the uterine sound. The small openings of 
the uterine (Fallopian) tubes upon the surface of the inverted uterine 
body are diagnostic points of importance but may be obscured by 
congestion of the tissues. 

The onset of malignant metaplasia may be suspected when a fibro- Malignant 
myoma begins to grow or produce haemorrhage de novo after the 
menopause. Such tumours are usually also tender and painful on 
pressure. 

(7) — ^Treatment 

Fibroids are common, but the discovery of one of these tumours by 
no means indicates the adoption of active measures. It is sometimes 
wise, in the absence of symptoms, to withhold information of the 
existence of a fibroid from the patient. Only when the tumour causes 
symptoms, or by reason of its size or position is likely to cause incon- 
venience in the future, is it necessary to intervene. In approximately 
50 per cent of cases no therapeutic measures are necessary. 

The growth of fibromyomas in the uterus cannot be prevented, and, 
apart possibly from measures to promote an artificial menopause, their 
rate of growth cannot be controlled. The treatment of these growths 
therefore is either symptomatic, specific, or surgical. 

Symptomatic 

Symptomatic treatment may be required for the relief of uterine Treatment oj 
haemorrhage, pain, or symptoms caused by pressure on neighbouring 
organs. Haemorrhage in the form of menorrhagia may be severe, and 
appropriate measures should be taken to obtain an immediate effect 
before a grave secondary anaemia is established. In the control of 
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uterine bleeding associated with fibroids, drugs are not always successful, 
and ergot in this connexion is very unreliable. Hydrastis and the salts 
of cotarnine are more dependable both from a haemostatic and sedative 
standpoint. Hydrastis is prescribed as the liquid extract in doses of 
30 to 60 minims, or as the dry extract in the form of a 2-grain pill. 
Cotarnine may be administered either as the phthalate (styptol) or as 
the chloride (styptarnin, stypticin). The dose of styptol is | grain three 
or four times daily by the mouth. In an emergency cotarnine chloride 
may be given hypodermically in doses of 1 to 2 minims of a 10 per 
cent solution. A useful and convenient method of administering 
hydrastis and cotarnine together is in the form of tabloid hydrastine 
compound and cotarnine hydrochloride (hydrastine hydrochloride 
i grain, extract of ergot B.P. 1914 i grain, cannabine tannate i grain, 
cotarnine hydrochloride ^ grain). Potassium chlorate in a dose of 5 
grains three times daily is sometimes valuable in controlling tem- 
porarily excessive menstrual haemorrhage associated with fibroids. 
To obtain an immediate effect in checking a severe bleeding, reliance 
must be placed upon a hot vaginal douche and, should this fail, plugging 
the vagina. The temperature of the douche must be at least 116° F., 
and two or three pints of an antiseptic solution should be used. In 
plugging the vagina to control haemorrhage two important points 
must be observed, namely, efficiency of the packing and the avoidance 
of sepsis. To ensure efficient packing the operation should be conducted 
in a good light with the patient in the lithotomy position. The fornices 
of the vagina are firmly plugged first with a long strip of bismuth or 
iodoform gauze, and the rest of the vagina is then closely packed. 
Sepsis is avoided by removing the plug after twenty-four hours, by 
administration of an antiseptic douche, such as diluted dettol, before 
the introduction and after removal of the gauze, and by scrupulous 
attention to surgical technique even during an emergency. 

Favourable results in the control of uterine haemorrhage associated 
with fibroids have recently been obtained by the use of synthetically 
prepared male hormone. Loeser, by means of intramuscular injections 
of 50 mgm. of testosterone propionate (perandren) on alternate days 
produced complete cessation of menstruation and an atrophic endo- 
metrium. He stated that ‘during the functional rest in which the uterus 
received no stimulation by female hormone, the fibromyoma decreased 
in size’. A total dose of 500 mgm. of the propionate was required to 
effect this result. Hormone therapy on these lines, or by means of 
chemically pure preparations of the corpus luteum (e.g. progestin or 
proluton), offers a promising field of therapeutic investigation in the 
symptomatic treatment of fibroids. 

After a series of severe haemorrhages the haemoglobin may fall 
as low as 25 per cent, and every effort must be made by the use of 
transfusion, iron salts, and liver extract to restore the deficiency 
before surgical treatment directed to the radical cure of the tumour is 
contemplated. 
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Pain is not a common symptom with uterine fibromyoma, but if Treatment 
associated with degeneration or coexisting inflammatory lesions it may 
be relieved by such measures as heat applied to the pelvis in the form 
of hot prolonged vaginal douching, infra-red rays, or kaolin poultice. 

Pain resulting from pressure within the pelvis is not readily amenable 
to symptomatic treatment apart from the use of analgesics. Occasionally 
it is possible to dislodge a fibroid uterus partly impacted in the pelvis 
and place it above the sacral promontory. 

Retention of urine associated with an impacted tumour is most likely Retention of 
to occur during a menstrual period and is a clear indication for sub- 
sequent surgical treatment to prevent recurrence. The patient should be 
kept in bed and catheterization carried out until the emergency is over. 


Specific 

The specific treatment of uterine fibroids includes irradiation of the Irradiation 
uterus, either by X-rays or by radium, which, in properly selected cases, 
can undoubtedly secure cessation of menstrual and irregular haemor- 
rhage. It is also reported that in some cases a fibromyoma has diminished 
in size after irradiation. These efi*ects result mainly from atrophy of 
the ovaries with complete destruction of the Graafian follicles. They 
are the result of the artificial menopause and, like the menopause 
which follows surgical ablation of the ovaries or the natural menopause, 
are accompanied by flushings and other vasomotor disturbances. 

Cases suitable for X-ray therapy are small or medium-sized fibroids X-ray therapy 
in women of the menopausal age in whom uterine haemorrhage is the 
predominant symptom. Large tumours palpable above the pubes and 
all growths in which degenerative changes or coincident pelvic inflamma- 
tory disease is suspected are better dealt with surgically. Treatment by 
irradiation has the advantages that, provided cases are selected with 
care, there is no risk to life and it is possible for the patient to follow 
her usual activities during the time she is under observation. Irradiation 
of fibroids should only be carried out by those who are equipped with 
the special apparatus required and who have the requisite expert know- 
ledge. The method is not without danger and I have seen an extensive Dangers of 
epitheliomatous ulcer of the abdominal wall develop on the site of a 
burn following the application of X-rays to control uterine haemorrhage 
associated with a large abdominal fibroid. The haemorrhage had 
ceased but the large tumour was still present. Should irradiation fail 
and surgical intervention be required, the operation is rendered more 
difficult and correspondingly more dangerous by reason of the extensive 
and often dense perimetric adhesions almost invariably produced by 
X-rays. 

Radium introduced directly into the uterine cavity, after dilatation Radium 
of the cervical canal under anaesthesia, is an alternative radiothera- 
peutic method and in some ways is preferable to X-ray therapy in 
that its effect is produced primarily upon the endometrium rather 
than the ovaries, and there is no risk of producing superficial burns. 
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50 ingm. of radium bromide with a filter equivalent to 2 mm. of lead 
are introduced into the uterine cavity in a tube applicator and left 
for seventy-two hours. The applicator is sterilized by boiling, and 
after its introduction the cervical canal and vagina are packed with 
gauze which should remain in situ until the radium is removed. An 
anaesthetic is not required for removal as the cervix remains open 
while the radium applicator is in the uterus. A thread is commonly 
attached to the applicator to facilitate removal. A vaginal antiseptic 
douche — not one containing iodine or mercury — should be given daily 
for the following four weeks. Usually one application of radium, on 
the lines indicated, effects a permanent cessation of haemorrhage; 
occasionally a second application may be needed. 

Surgical 

When fibromyomatous growths are so large as to produce symptoms 
of pressure within the pelvis or to form a tumour palpable from the 
abdomen, when palliative measures fail to check haemorrhage, when 
rapidly growing myomas occur in young subjects, and when a new 
growth shows evidence of renewed activity after the menopause it is 
generally agreed that surgery offers advantages over other methods. 
With such indications it is advisable to enucleate the growth from 
the uterus (myomectomy), or to remove the uterus containing the 
new growth either wholly (total hysterectomy) or in part (subtotal 
hysterectomy). 

Although hysterectomy for fibroids has been practised successfully 
for many years, the tendency now is to regard the conservative technique 
of myomectomy as the operation of choice, certainly in the case of 
single growths in young women. Nearer the age of the menopause 
and in the presence of multiple tumours the decision is more debatable, 
but even in the fourth decade some surgeons prefer the conservative 
operation to a method which condemns the patient to the discomforts 
of an artificial menopause. 

Myomectomy compares favourably with hysterectomy in primary 
mortality. In a series of 400 consecutive cases published by Bonney 
the operative mortality was 1-7 per cent. In 741 myomectomies per- 
formed at the Mayo Clinic the mortality rate was 0-9 per cent. The 
surgical risk of hysterectomy for fibroids is between T5 and 2 per cent. 
About 2-5 to 3 per cent of patients require a secondary operation after 
myomectomy either from a recurrence of symptoms or because of 
the growth of fresh tumours: and ‘of women who have undergone 
myomectomy and are within the age of child-bearing, and wishful to 
have a child, 39 per cent may he expected to conceive’ (Bonney). Of the 
labours after myomectomy 75 per cent are normal. Caesarean section 
being necessary in the remaining 25 per cent. The conservative operation 
should be performed only when the uterus and its adnexa are otherwise 
healthy. It is quite unjustifiable, for example, in the presence of associated 
pelvic endometriosis, perimetritis due to coexistent salpingo-odphoritis. 
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and when malignant disease is suspected. The operation may be per- 
formed by either the abdominal or vaginal route. The vaginal operation 
is employed for the removal of submucous tumours, especially when ^ 
pedunculated. 

The patient is placed in the lithotomy position and, after adequate exposure 
of the vaginal fomices with suitable specula, a transverse incision is made 
in front of the vaginal cervix through the anterior vaginal forrdx. The bladder 
is dissected upwards, and the anterior wall of the uterus sectioned in the 
middle-line by means of straight scissors from the external os upwards, as 
high as may be required. The uterine cavity is explored with the gloved 
finger and, if the submucous tumour is too large to be removed in toto. its 
size is diminished to permit of its extraction in fragments (jnorcellement). 
Before a fibroid tumour can be enucleated from the uterine wall, either by 
the abdominal or vaginal route, it is necessary to incise the capsule. Unless 
this is done the operation may prove unnecessarily difficult and haemorrhage 
may be excessive. 


Abdominal myomectomy should be performed whenever possible Abdominal 
through a single uterine incision, with secondary interstitial incisions 
to enucleate growths which cannot be reached by the former. Haemor- 
rhage can be prevented by the use of Bonney’s clamp forceps or by 
spinal analgesia, although I prefer not to use clamp forceps but to 
deal with bleeding points seriatim as necessary. This obviates the 
danger of subsequent bleeding from vessels which at the time of 
operation have not demonstrated their presence. In all methods it is 
important to eliminate by careful suture all dead spaces left after 
enucleation of the tumour, to observe accurate haemostasis, and to 
employ only catgut which in strength, absorbability, and asepsis is 
above suspicion. 

Hysterectomy, either subtotal or total, is probably the operation most Hysterectomy 
often performed in the surgical treatment of fibroids, in spite of the 
advantages offered in selected cases by the conservative alternative of 
myomectomy. 

The subtotal operation with modern methods of technique is simple Mortality 
and comparatively easy. Whether performed by the routine method 
or by the more rapid technique of Kelly its mortality is low, and there 
is httle doubt that the surgeon who removes only a few uteri in the 
course of his practice, or who fears trouble with the ureter or deep 
pelvic veins, will continue to use it. In expert hands total hysterectomy, 
i.e. removal of both the corpus and cervix uteri, is, in the opinion of 
most pelvic surgeons, the better operation. The mortality is no higher, 
post-operative drainage is better, and the risk of carcinoma developing 
subsequently in the cervical stump is eliminated. The latter is no 
theoretical risk as more than 1,500 cases of cancer of the cervix after Incidence of 
subtotal hysterectomy are recorded. In the course of twelve months, cTrvkar^ 
three examples have come under my observation, an experience which stump 
would influence the views of even the most staunch advocate of the 
subtotal method. If the total operation is not always adopted as a 
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routine, subtotal hysterectomy should be limited to nulliparae and to 
cases of uterine fibroids complicated by evidence of weakness of the 
pelvic floor, in which removal of the cervix predisposes to subsequent 
inversion of the vagina. It is usual to conserve one or both ovaries if 
healthy, but in practice this does not always prevent the patient from 
experiencing the functional sequelae of suppression of menstruation. 

For the surgical details concerning the operations of total and sub- 
total hysterectomy, reference should be made to page 488. 


3“LIPOMYOMA 


{Synonyms , — Myolipoma; fibrolipomyoma; lipomatosis of fibroids) 


Definition 


Aetiology 


Morbid 

anatomy 


Clinical 

picture 


1587.] Lipomyoma is a fibromyoma exhibiting fatty metamorphosis, 
or metaplasia of fibrous or myomatous tissue, as distinct from fatty 
degeneration. 

The aetiology of the presence of fatty tissue in a myomatous uterine 
tumour as an example of vital activity quite separate from fatty 
degeneration (see p. 457) is unknown. In the few cases recorded (Ley) 
the patients were parous, middle-aged women, not obese, with nothing 
in the clinical history to provide a clue to the conditions which favour 
this very rare lesion. 

A lipomyoma to the naked eye presents a yellow or yellowish-white 
appearance. The ‘whorled’ characters of the normal fibroid are lost, or 
but faintly evident. The consistence is soft, and remains so even after 
several days’ immersion in a hardening solution. Microscopical examina- 
tion of frozen sections stained by Sudan III shows large fat-globules 
within the muscle-fibres. The nuclei of the latter are retained. 

In the few records available, the symptoms appear to be those 
associated with ordinary uterine fibroids. In Ley’s case, the in- 
cidence of post-menopausal haemorrhage was an important feature. 
The menopause had occurred six years previously, and haemorrhage 
had been in progress for twenty-one days per month over a period of 
twelve months before the patient came under observation. Lockyer’s 
patient had frequent and profuse uterine bleeding for three years 
before the uterus was removed. Local pain is apparently not a feature 
of lipomatosis in fibroids, an interesting observation in view of the 
tenderness usually associated with tumours undergoing fatty degenera- 
tion. 


Diagnosis and 

differential 

diic^msis 

Treatment 


The course and prognosis of lipomyomas appear to be identical with 
those of fibroids. No evidence is available to demonstrate an increased 
tendency to malignancy. 

Lipomatosis in a fibromyoma occasions no special symptoms, and 
its physical signs are identical with those of uncomplicated fibroids. 
Differential diagnosis from a fibroid is therefore impossible. 

In recorded examples, the lesion has been discovered after removal 
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of the uterus. The tumour is benign, and therefore there is no reason, 
given suitable indications, why lipomyomectomy should not be adopted. 


4.~ADENOMA 

1588.] Adenoma is an epithelial tumour of endometrial origin, due to Definition 
hyperplasia of the uterine glands and involving either the corpus or 
cervix uteri. In the corpus two types may be recognized: (i) simple 
adenoma, and (ii) papilliferous adenoma. In the cervix a simple adenoma 
only has been described. 

(1) — Simple Adenoma of Corpus Uteri 

(Synonyms . — Adenomatous hyperplasia; adenomatous polypus; 
mucous polypus) 

The existence of a true neoplastic hyperplasia of the corporeal endo- 
metrium, as opposed to the ‘adenomatosis’ associated with metropathia 
haemorrhagica (Schroder’s disease, see Yol. VIII, p. 513) and some cases 
of chronic inflammation of the endometrium, is recognized. Such hyper- 
trophy may be diffuse, or locahzed, when it constitutes a mucous 
polypus. A true adenoma of the corporeal endometrium is not associated Mucous 
with evidence either of abnormal ovarian function or of chronic 
inflammation of the endometrial stroma. The new growth occurs in 
virgins, nulliparae, and multiparae, and the cause is unknown. 

Adenoma of the corpus uteri, whether diffuse, or localized as an Clinical 
adenomatous or mucous polypus, is usually associated with uterine 
haemorrhage. Menstrual bleeding is increased, especially with the dif- 
fuse type of growth. A simple mucous polypus commonly produces 
a slight intermittent haemorrhagic discharge. Abnormal bleeding, ex- 
cessive leucorrhoeal discharge, and occasional menstrual pain are the 
only symptoms. 

Although not malignant, an adenoma of the endometrium shows its Course and 
neoplastic character by a tendency to recur. Symptoms of haemorrhage P^'^s^osis 
and increased discharge are likely to return in the course of a year 
or so after curettage. When the lesion has been in evidence for 
some time hypertrophy of the muscular wall of the uterus is not 
uncommon. 

The diagnosis is made by microscopical investigation of the tissue Diagnosis 
removed by curettage. This may consist of large fleshy masses which 
to the naked eye not uncommonly suggest malignancy. Under the 
microscope the glands are enlarged and lined by simple regular 
epithelium and are separated by a hyperplastic normal cellular stroma 
which does not show any evidence of inflammation or mitosis. 

In treatment curettage may be employed first and in some cases will Treatment 
sufiBce, but should haemorrhage recur it is advisable to introduce a 
tube of radium into. the uterine cavity. In young patients a dose of 
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2,000 mgm. el. radium hours is given; in women approaching the 
menopause this may be increased to 3,500 mgm. el. radium hours. 

Being a true neoplasm, adenomatous hyperplasia of the endometrium 
is not likely to be influenced by hormone therapy directed to the 
inhibition of ovarian function. 

Mucous polyps which are pedunculated and protrude through the 
cervical canal into the vagina may be twisted off. As these small growths 
are not uncomm'only multiple, it is advisable to curette the endometrium 
at the same time. All such polypi should be submitted to careful 
microscopical examination as occasionally an apparently innocent 
growth may prove to be carcinomatous. 


Aetiology 


Morbid 

anatomy 


Microscopical 

appearances 


(2) — ^Papilliferous Adenoma 

{Synonym . — ^Villous tumour of the endometrium) 

Papuliferous adenoma of the endometrium is a comparatively rare 
uterine lesion allied histologically to a simple adenoma and, like the 
latter, of obscure aetiology. 

The tumour forms a large solid papilliferous or polypoid growth 
which may completely fill the uterine cavity. To the naked eye it resembles 
a villous papilloma of the bladder and for this reason was termed 
villous tumour of the endometrium by Bland-Sutton. The whole of 
the corporeal endometrium may be involved or the lesion may affect 
one wall only. Microscopically the gland tubules of the endometrium 
show much hypertrophy and hyperplasia. They do not as a rule 
infiltrate the uterine wall and the epithelium is usually constituted by 
a single layer of columnar cells. In some cases both microscopical and 
clinical evidence of a malignant tendency is shown by this growth. 
Some of the tubules show epithelial proliferation and the nuclei may 
Malignancy be mitotic. In Other cases, though histologically simple, the adenomatous 
elements exhibit definite infiltration of the muscular wall and the growth 
recurs locally. Such types should be regarded clinically as malignant. 
Papilliferous adenoma of the corpus uteri develops after the menopause. 
The youngest case on record was in a woman aged 52. Its presence is 
indicated by a more or less continuous blood-stained discharge which 
is rarely excessive. Nulliparae appear to be more commonly affected 
than multiparae. Pain is not common and the only symptom apart 
from bleeding to attract the attention of a patient is the occasional 
presence of a troublesome and profuse thin serous vaginal discharge. 
The symptomatology is practically identical with that of cancer of the 
body of the uterus, with which papilliferous adenoma has many points 
in common. The prognosis, in view of the possible local malignant 
tendencies of even histologically benign growths, is uncertain and it is 
advisable to adopt a cautious attitude. 

The diagnosis of villous tumour of the endometrium is readily made 
by microscopical examination of the tissue removed by curettage in 
an elderly woman who presents the above symptoms. The latter, and 


Clinical 
picture and 
course 


Diagnosis 
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also the naked-eye appearance of the tissue removed from the uterus Diagnosis 
by the curette, suggest carcinoma, and it is not until the pathological 
report is received that the true nature of the growth is revealed. Diffi- 
culty may be experienced in deciding whether or not epithelial prolifera- Diagnosis of 
tion of the gland tubules is malignant. The point must be decided by 
such criteria as the staining of the cell, the presence of active mitosis, 
and evidence of invasion of the uterine wall by the recognition of 
muscular elements permeated by the glandular tubules. 

Owing to the possible malignant tendencies of papilliferous adenoma Treatment 
of the endometrium, it is advisable not to temporize when the condition 
has been recognized. The uterus should be removed by total hyster- 
ectomy, or the condition treated by radiotherapy on approved lines 
(see pp. 469 and 474). 

(3) — ^Adenoma of Cervix Uteri 

Adenoma of the cervix uteri is a benign epithelial new growth originat- Definition 
ing in the cervical glands of the uterus and maintaining the same 
epithelial type of growth. 

Adenoma of the vaginal cervix is rare and few instances have been Aetiology 
recorded. In a case described by Lockyer, a possible pre-existing 
inflammatory factor was present in that the patient was sterile, and 
the cervical tissues surrounding the growth revealed a well marked 
inflammatory reaction. The tumour causes enlargement of the cervix, 
the vaginal surface epithelium being replaced by a deep red papillary 
and fissured growth. Microscopically the tissue shows a mass of Histology 
branching tubular spaces lined by a single layer of columnar cells with 
basal nuclei and containing mucus. Where the growth approaches the 
epithelial surface the epithelium is lost and the tumour exposed. 

In the few recorded cases the symptoms are mainly haemorrhage and Clinical 
vaginal discharge. In Lockyer’s case profuse leucorrhoea had been 
present since childhood and the patient complained of haemorrhage, 
bleeding on coitus, and a constant dragging pain in the pelvis. 

The condition must be distinguished from a simple cervical erosion Diagnosis 
(pseudo-adenoma), epithelioma, and tuberculous cervicitis. The surface 
bleeds more freely than an erosion, and the tissue is more resistant 
than a cervical carcinoma and not friable. Microscopy of an excised 
fragment will confirm the nature of the lesion. 

Vaginal hysterectomy has been performed for this growth, but such Treatment 
treatment would appear to be rather drastic and unnecessary for a 
tumour recognized to be local and benign. Amputation of the cervix 
should suffice. 


5.-SARCOMA 

(1) — ^Definition 

1589.] Sarcoma of the uterus is a malignant tumour of mesoblastic 
origin arising from the connective-tissue elements in the uterus, either 
in the body or cervix. 
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(2) ~-Aet!ology 

In common with new growths of the same type in other organs the 
aetiological causes which govern the growth of a sarcoma in the uterus 
are unknown. Various factors, such as heredity, trauma, chronic 
inflammation, and sterility, have been cited which might have a pre- 
disposing influence. No conclusive evidence, however, is available to 
prove the truth of any of these statements. 

Sarcoma of the uterus occurs during infancy, but the first period of 
relative frequency is during the early years of puberty. From then 
onwards the tendency increases until a maximal incidence is reached 
during the fifth decade. Sarcoma of the uterus is therefore essentially 
a disease of the menopause and to a less extent of puberty and infancy. 
This would appear to indicate a lack of stability or imbalance between 
the factors which stimulate and inhibit cell growth. The influence of 
gonadotropic and other hormones in this connexion is receiving 
increasing attention. 

(3) — Morbid Anatomy 

Sarcoma arises in the uterus by malignant metaplasia either of the 
connective tissue or of the myomatous cells of the myometrium, 
the embryonic connective tissue of the endometrial stroma, or from the 
endothelium of blood-vessels and lymphatics (endothelioma and peri- 
thelioma). It is rare in the uterus and constitutes less than 0-5 per cent 
of the malignant growths of this organ. The corpus uteri is more 
commonly involved than the cervix in the proportion of 5 to 1. The 
type of sarcoma most often observed occurs in the muscle wall either 
as a primary growth or, more commonly, as mahgnant metaplasia in 
a pre-existing fibroid (see p. 459). Both ‘circumscribed’ and ‘diffuse’ 
types are described. 

The circumscribed constitutes a rounded sohd tumour, homogeneous 
on section and dull yellow in colour. It is soft and friable, and this not 
uncommonly results in the production of irregular spaces containing 
blood-stained fluid. Microscopically the growth is commonly a mixed- 
cell type, round cells, spindle cells, and giant cells being present in the 
same tumour. Circumscribed sarcomas, although interstitial in origin, 
may later become subserous, or submucous and polypoid, as is the 
case with fibromyomas. This important fact emphasizes the necessity 
for careful microscopical investigation of all uterine or polypoid 
growths, and especially those which recur. Sarcomatous uterine polypi 
appear to favour the occurrence of uterine inversion, possibly as the 
result of infiltration of the uterine wall by malignant cells. Sarcomatous 
metaplasia of uterine fibroids has already been described (see p. 460). 
The diffuse type of sarcoma is very rare and causes uniform enlarge- 
ment of the whole uterus which may form a large tumour resembhng 
the pregnant organ. The growth on microscopical section shows round 
cells or spindle cells in combination, as in the circumscribed type. 
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Sarcoma of endometrial origin also occurs in diffuse and circum- Sarcoma of 
scribed types but is much rarer in this site than in the myometrium. 

The diffuse form is seen most often near the fundus uteri and forms a 
soft friable fleshy growth which eventually involves the whole endo- 
metrium and may occlude the cervical canal, resulting in a pyometra 
or haematometra. Histologically a diffuse sarcoma of the endometrium 
is of the round-celled type. 

Circumscribed sarcoma of the endometrium occurs (i) as a nodule Circumscribed 
which may become polypoid and extend through the cervical canal 
into the vagina where it forms a soft red or grey sloughing tumour, 
and (ii) as a soft vesicular growth in relation with the cervix and known 
as ‘grape-like sarcoma of the cervix’ or ‘sarcoma cervicis botryoides’. The 
appearance of this remarkable growth is characteristic; it forms a mass 
of rounded branching and polypoid growths springing from the vaginal 
surface and filling the vagina, the whole resembling a bunch of grapes. 

The soft consistence is due to oedema, and the unusual mode of growth 
is attributed to rapid development of the sarcoma at numerous points, 
unfettered by pressure by reason of its anatomical position. This tumour, 
which in some cases appears to contain striped muscle fibres and hyaline 
cartilage in addition to round and spindle sarcomatous cells (‘chondro- 
rhabdomyosarcoma’), is highly malignant and grows with extreme 
rapidity. One patient, a child of two, died at the end of six weeks from 
the onset of symptoms. 

In addition to the above types, examples of ‘mixed’ sarcomas occur Mixed 
in the uterus as in other organs, due to differentiation of the embryonic 
type of sarcomatous cell into tissues of a higher grade of development. 

In this manner examples of myxosarcoma, lymphosarcoma, lipomyxo- 
sarcoma, angiosarcoma, chondrosarcoma, rhabdomyosarcoma, and 
adeno-chondro-sarcoma are produced. 

Endothelioma and perithelioma cannot be recognized from other Endothelioma 
types of malignant uterine tumours by the naked eye. Microscopical 
examination is requisite to show the relation of the columns of endo- 
thelial cells to the internal or external tunics of the blood-vessels. 

They possess a low grade of malignancy. 

Tumours which appear to show both sarcomatous and carcinomatous Carcinoma 
tendencies are occasionally found in the uterus. They are allied patho- 
logically to the endothehomas and are termed ‘carcinoma sarcoma- 
todes’. 

(4) — Clinical Picture 

The clinical picture of sarcoma of the uterus is similar to that of Symptoms 
carcinoma, the prominent symptoms being haemorrhage, discharge, 
and pain and varying with the type of case. Thus bleeding and pain 
are earlier and more severe with sarcomas involving the endometrium 
than with circumscribed interstitial tumours. Polypoid growths are 
always associated with severe irregular bleeding and a profuse offensive 
and watery discharge. Occasionally a large cervical sarcoma exists 
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without apparently causing any symptoms until it fills the vagina and 
even appears at the vailva. With sarcomas of the uterine wall the clinical 
symptoms and signs closely resemble those of fibroids. The uterus 
increases in size, the enlargement at first being uniform but later 
irregular and nodular. A souffie is audible over very vascular tumours. 
Rapid growth in a uterine tumour suspected to be a myoma should 
always suggest the possibility of sarcoma, especially if associated with 
irregular uterine bleeding (metrostaxis). The probability is greater when 
these symptoms develop after the menopause. A clinical feature of some 
importance is the early appearance of such constitutional symptoms 
as anaemia, loss of weight, cachexia, and insomnia. These are rapidly 
progressive and out of proportion to the primary symptoms of uterine 
haemorrhage and discharge. Sarcomatous tumours necrose easily and 
become infected with septic organisms. Veit stated that 85 per cent of 
the mortality associated with sarcoma is the result of sepsis and 
cachexia. Metastases, not only in the vagina and uterine adnexa but 
also in the lungs, liver, and retro-peritoneal glands, are common and 
early. The symptoms of sarcomatous metaplasia in relation to fibroids 
received consideration in the section devoted to those tumours (see 
p. 464). 

(5) — Course and Prognosis 

The malignancy of uterine sarcoma is high and the prognosis corre- 
spondingly grave. Sarcoma of the endometrium appears to be somewhat 
less malignant than the other types, the average duration being about 
three years. The extreme degree of malignancy of ‘grape-like sarcoma 
of the cervix’ was mentioned on page 477. Probably the least dangerous 
form of sarcomatous tumour is that which develops in relation with a 
fibroid. Round-celled sarcomas exhibit the highest degree of malignancy 
and giant-celled growths the lowest. In some cases growth appears to 
be held in abeyance for a variable time; it then suddenly develops apace 
and proceeds to a fatal termination within a few weeks. Metastases 
usually occur at an earlier period with sarcoma than with carcinoma. 
Endothelioma and perithelioma compare favourably with other types 
of sarcoma as regards prognosis. Patients have remained well for over 
four years after removal of a uterus containing these tumours. 

(6) — ^Treatmeat 

No methods of preventing the growth of sarcomas in the uterus are 
known. The only available prophylactic measure is surgical removal 
of all large uterine fibroids and especially those in which there is 
reason to suspect degenerative changes. Two per cent of such tumours 
show early sarcomatous metaplasia. 

Treatment other than surgical has hitherto not been attended by any 
great measure of success. An occasional cure is claimed for radio- 
therapeutic methods, treatment being on the same lines as that employed 
for carcinoma of the uterus (see p, 487). A case of ‘grape-sarcoma’ of 
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the cervix in an infant under my observation responded to treatment 
with radium and the child was alive two years after the first application. 

In a few cases colloidal lead preparations (lead glycine) have given good Lead 
results. 

Total extirpation of the uterus and its adnexa by the abdominal route Surgical 
as early as possible offers the best chance of cure. The only contra- 
indication is evidence of metastases in other organs, local extension 
of the uterine growth to adjacent organs, and cachexia so extreme as to 
render radical treatment not only dangerous but useless. Hysterectomy 
should be followed by radiotherapy on ‘Erlangen’ lines. 


6.-CARCINOMA 

1590.] Carcinoma of the uterus is a malignant new growth arising in Definition 
the epithelium of the uterus, either cervix or corpus, infiltrating the 
tissues in which it originates, and spreading by direct continuity and 
permeation of lymphatics to adjacent organs and lymphatic glands 
and by means of metastases (emboli) in the blood and lymphatic 
circulations to distant parts of the body. 

The uterus and the breast are the two organs in the female most likely 
to be attacked by this disease, the liability being almost the same in 
each. It has been estimated that of women who reach the age of thirty- incidence 
five and over, almost 4 per cent die of carcinoma of the uterus. The 
reason for this high incidence has been sought in the trauma and Predisposing 
chronic inflammation to which the organ, and especially the cervix, 
is liable. That these are by no means always constant factors is shown 
by the appearance of cancer in the corpus uteri and in the apparently 
healthy cervices of some nulliparae. That the uterus is subject to Menopausal 
senescent changes at a comparatively early age, namely, the menopause, 
has also been cited as possibly of aetiological significance. Cancer of 
the uterus, however, is not unknown in the second and third decades 
of life and a remarkable instance of cervical carcinoma has been 
recorded in a child of two and a half years (Adams). Recent investiga- Carcinogenic 
tion into the carcinogenic properties of the sex hormones suggests a 
possible relation between the activity of these substances and malignant 
growths of the sex organs, the uterus and breast. Work on these lines 
would appear to ofier a promising field. 

Cancer occurs in the cervix uteri much more often than in the corpus. Relative 
Records from necropsies show an incidence of 95 per cent of cases 
involving the cervix and 5 per cent only the body of the uterus; clinical TJjyfx 
figures, however, provide a greater frequency of corporeal cancer, 

11*25 per cent being given by Wilson. Carcinoma of the cervix and 
of the body of the uterus differ both pathologically and clinically 
in so many respects that these growths are with advantage considered 
separately. 
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(1) — Carcinoma of Cervix Uteri 

{a) Morbid Anatomy 

Carcinoma of the cervix may arise either from the epithelium of the 
vaginal portion or from the mucosa lining the cervical canaf the 
latter being termed endocervical carcinoma. The cervical epithelium 
shows a marked tendency to undergo metaplasia, especially in cervices 
which are the seat of inflammatory catarrh and endocervicitis. The 
columnar epithelium lining the cervical canal normally terminates at 


Squamous- 

ceiled 

carcimma 



Fig 44 _En(loceTOcal carcinoma. The vaginal cervix is fissured, but no evidence 
of e.xtensive malignant invasion is evident from this aspect. In {b) is shown the 
same uterus m sagittal section: note the extensive involvement of the cervix by 
he tumour, in spite of the fact that little evidence of such growth is shown in (a) 


the externa! os but, as the result of metaplasia to a squamous type, 
the great proportion of all cervical carcinomas, including the endo- 
cervica tumours, are squamous-cell growths. The precancerous meta- 
plasia sometimes associated with cervical erosion and ectropion of the 
vagmal cervix has been termed ‘leukoplakia’ of the cervix by Hinsel- 
mann and others. By means of the colposcope, an instrument which 
provides binocular magnification of the cervical field, these leucoplakic 
patches may be inspected in the living subject. 

Squamous-celled carcinoma of the cervix arises from the deep layers 

the which permeate into 

the sub-epithehal tissues. The cells forming these columns have been 

differentiated into spinous, transitional, and spindle-celled forms accord- 
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ing to the particular layer of epithelium from which they originate. Histological 
Spinous-celled carcinoma appears to be the least and spindle-celled the 
most malignant of these histological types. 

Carcinomas of the cervix uteri do not as a rule present cell-nests or 
epithelial ‘pearls’ as in similar growths elsewhere. This is due to the 
poor development of the keratin layer in normal cervical epithelium. 

The central portion of the epithelial buds may degenerate, leading to 
the formation of pseudo-acinous spaces lined by squamous epithelium. 

This must not be described as an adeno-carcinoma. 

Another type of pseudo-glandular growth is provided by the develop- 
ment of a squamous-celled carcinoma in association with the follicular 
type of cervical erosion. The malignant follicles are lined by non- 
secreting squamous epithelium instead of the columnar secreting cells 
of a true adeno-carcinoma. 

Adeno-carcinoma of the cervix uteri is rare as contrasted with Adeno- 
squamous-celled carcinoma. Microscopically it appears as a mass of 
branching glandular tubules lined by a single layer of columnar 
secreting epithelium, and developing either in an ‘inverting’ or 'everting’ 
manner according to the direction of growth towards or away from the 
centre of the individual acinus. Adeno-carcinoma of the cervix is much 
less malignant than the squamous-celled types and has little tendency 
to invade the parametrium as is the case with squamous-celled carci- 
noma. In extensive growths the superficial layers are ulcerated over 
large areas. The characteristic appearance is then obscured by wide- 
spread inflammatory round-celled infiltration. To obtain sections for 
microscopical investigation the growing edge of the tumour should 
always be selected. 

(b) Clinical Picture and Course 

Cancer of the cervix uteri generally assumes one of two clinical types. Types 
Either it shows a tendency to formative growth with extensive pro- 
liferation of the tissues or it presents from the first a proclivity to 
erosion and ulceration. More rarely it produces induration and pucker- 
ing of the vaginal surface of the cervix without ulceration, a clinical 
type seen occasionally in elderly subjects. 

The most common proliferative carcinoma of the cervk is the so- Proliferative 
called ‘cauliflower’ growth of the vaginal portion which forms a 
nodular mass in relation with either or both lips of the cervix. It pro- 
jects into the vagina and may be so extensive as to appear at the vulva. 

The surface is fissured and the growth is soft and very friable, especially 
in comparatively young subjects. The tumour necroses easily and the 
surface is commonly covered with a grey layer of dead tissue. Extension Spread of 
is more liable to take place along the vaginal walls than into the cellular 
tissue at the base of the broad ligaments. Permeation of the vaginal 
tissues sometimes results in the appearance of a malignant focus at a 
distance from the main tumour. Superficially this may seem to be a 
‘contact’ growth. 

E.M. voL. xn 2 1 
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Proliferative carcinoma of the supravaginal cervix (endocervical 
carcinoma) produces uniform enlargement and a barrel-shaped contour 
more easily appreciated per rectum than per vaginam, and the cervix is 
commonly of larger dimensions than the uterine body. Sooner or later 
necrosis of the carcinoma occurs and, if the growth involves the whole 
cervix, ulceration into the vagina ultimately follows. A large crateriform 
cavity is then produced, the apex being at the internal os and the base 
on a level with the external os. When the whole vaginal cervix is 
destroyed the walls of this cavity are flush with the vaginal fornices. 
Endocervical carcinomas infiltrate the parametrium at an early date 
and, in the later stages, fistulous communications with the bladder 
and rectum are common. 

The ulcerative type of cervical carcinoma is rarer than the proliferative, 
both in the vaginal portion and in the supravaginal cervix. A primary 
epitheliomatous ulcer must not be confused with the secondary ulcera- 
tion just described in relation with endocervical new growths. It possibly 
begins in a cervical erosion, which it closely resembles in appearance 
in its early stages. It spreads slowly as a flat ulcer with indurated edges 
and shows little tendency to permeate the underlying tissues to any 
great extent. It usually occurs in elderly subjects. 

Methods of spread 

All types of cervical carcinoma spread both by direct continuity and 
by lymphatic permeation and lymphatic emboli. Indeed, the high 
malignancy of carcinoma in this site depends partly on the complex 
lymphatic system surrounding the cervix. The first lymphatic gland to 
be involved is usually one near the crossing of the ureter by the uterine 
artery; later, the iliac and sacral glands are invaded, and eventually the 
lumbar, inguinal, and colic groups may be implicated. In approximately 
one-third of apparently early cases the lymphatic system is found to be 
involved at operation. Conversely, it is stated that among the inoperable 
group with extensive local invasion of tissues about one-third do not 
show any evidence of lymphatic spread. These facts explain why certain 
clinically early cases rapidly progress to a fatal termination after radium 
therapy whereas other women with apparently hopeless local growths 
are cured. 

The symptomatology of cervical carcinoma is in no sense pathogno- 
monic. Indeed, its initial phases are free from symptoms because they 
depend upon the secondary necrotic changes arising when the tumour 
has reached some size. Early growths are occasionally detected as the 
result of a chance examination, e.g. as a preliminary to treatment in a 
contraceptive cliniCa or by the routine examination of cervices removed 
during operations for prolapse. The earliest symptom is usually 
haemorrhage, irregular and unconnected with menstruation which 
commonly is uninfluenced by the presence of the tumour. The bleeding 
in the first instance is not severe and not uncommonly occurs during 
defaecation, travelling by rail or motor, and especially on coitus. The 
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latter symptom is ver>^ significant and always indicates the necessity for 
a careful local investigation of the genital tract. Haemorrhage alone as 
an initial symptom is present in about 41 per cent of cases (Wilson). 

A second important symptom is discharge. At first this is thin and 
watery, possibly stained brown by blood pigment, and not offensive. 

It is constant and therefore disturbs the patient, and in proliferative 
growths may be very profuse. In the later stages it is not only profuse 
but very offensive. Its irritating characters produce a secondary derma- 
titis of the vmlva and genito-crural folds. Pain as a rule is not an early 
symptom of cancer of the cervhc uteri. Its incidence signifies either an 
extensive growth with permeation and blockage of lymphatics or co- 
existing inflammation of the tumour as the result of infection. As the 
growth progresses general symptoms become more obvious. Anaemia 
and cachexia appear as the haemorrhages increase in severity and the 
discharge becomes more profuse and offensive from extensive necrosis. 

There is no great loss of weight and many women with extensive 
growths appear well nourished. 

Invasion of the bladder is shown first by frequency of micturition 
which later becomes urgent and painful, the final result being the 
production of a vesico-vaginal fistula. Blocking of a ureter by pressure 
or carcinomatous involvement is followed by impaired renal function 
and hydronephrosis. Infection of the endometrium and partial obstruc- 
tion of the cervical canal by the tumour leads to the accumulation of 
pus, blood, and necrotic tissue in the uterine cavity, a condition termed Pyometra 
pyometra. This is usually accompanied by fever and occasional dis- 
charge of pus from the vagina. When the rectum is extensively invaded Invasion of 
by growth, a recto-vaginal fistula usually develops. rectum 

Death is commonly the result of asthenia following upon increasing Cause of 
anaemia and cachexia. Occasionally a fatal result is brought about 
by a sudden severe haemorrhage from an eroded blood-vessel, ascend- 
ing infection of the kidneys from cystitis, or general peritonitis from 
infection of the peritoneum with pyogenic organisms from the genital 
tract. 

(c) Prognosis 

Unless treated, carcinoma of the cervix uteri, as of other organs, 
proceeds to an inevitable fatal conclusion. This result is reached on 
an average in a year and a half to two years from the first appearance Influence of 
of symptoms. Age, according to statistics, does not appear to have 
the influence that was originally thought, and young patients if anything 
are at an advantage in this respect. The type of growth is to some Effect on 
extent a factor in prognosis, the most malignant being spindle-celled 
epitheliomas of the endocervix. Spinous-celled carcinomas of the cauli- growth 
flower type, and the indurated scirrhus forms occurring in elderly 
women, are of a lower grade of malignancy. Epitheliomatous ulcers of 
the vaginal cervix also show a comparatively low power of extension. 

The prognosis of cases submitted to either radiotherapeutic or surgical 
treatment varies with the degree of involvement of the tissues by the 
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cancerous growth when first seen. As a basis of classification for the 
evaluation of treatment and prognosis the grouping adopted by the 
Radiological Committee of the Hygiene Section of the League of 
Nations has now been universally in use for some years. Modifica- 
tions have been suggested by Heyman of Stockholm, but here the 
original scheme is adopted. This may be stated as follows. Stage I: 
The malignant growth is limited to the cervix, the uterus being 
mobile. Stage IT. The growth has spread into one or more vaginal 
fornices, with or without infiltration of the uterus, which is still 
mobile. Stage III: (i) The parametrium on one or both sides is in- 
filtrated by nodules of growth extending to the pelvic walls; mobility 
of the uterus is impaired or absent, (ii) The vagina is extensively 
infiltrated by carcinoma, although the uterus may be mobile, (iii) The 
pelvic lymphatic glands are the seat of metastases, although the primary 
growth may be small, (iv) Isolated metastases are present in the lower 
part of the vagina. Stage IV: (i) There is massive infiltration of the 
parametrium on both sides of the pelvic walls, with fixity of the uterus. 

(ii) The whole vagina is infiltrated, with fixity of the primary growth. 

(iii) There is involvement of the bladder or rectum, (iv) Metastases are 
present in distant organs. 

The prognosis is infinitely better in stages I and II, whatever method 
of treatment is adopted, than in the comparatively hopeless groups III 
and IV. The inclusion of these latter groups in assessing the absolute 
curability rate of cases submitted to radiation therapy is liable to produce 
a false impression. In a series of 507 patients treated in British hospitals 
with radium between the years 1921 and 1926, 58-9 per cent of those 
in the early stage were alive and well at the end of five years. Of the 
borderland group, i.e. stage II, only 10*6 per cent had survived. Of 
the finoperables’ (stages III and IV), which constituted 75 per cent of 
the total, only 6-7 per cent were alive (Eden, Lockyer, and Whitehouse). 
Similar results have been published from the Institut du Radium 
in Paris (Lacassagne) and the Radiumhemmet in Stockholm. At the 
latter, the five-year survival rate for all grades of cervical cancer treated 
by radiological methods varied between 204 and 27T per cent. Lacas- 
sagne obtained as high a curability rate as 86 and 42 per cent in 
grades I and II respectively. 

In cases submitted to surgical as distinct from radiological treatment, 
other factors, such as operability and primary mortality rate, must 
be taken into consideration. In a series of 466 cases of hystero- 
colpectomy (Wertheim’s operation) published by Bonney in 1934 the 
operability rate is given as 63 per cent. This figure is high and is probably 
not universally reached. The primary mortality varies from 10 to 21 
per cent according as extensive dissection for involved lymphatic 
glands is or is not necessary. On the five-year basis, the survival rate 
also varies from 51 per cent of cures in ‘gland-free cases’ to 21 per cent 
only when the lymphatics are involved. The prognosis of carcinoma 
of the cervix treated by operation is well stated in the following words: 
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The results of surgery, reckoned on the basis of five years’ freedom 
from recurrence, are best expressed by saying that it succeeds in keeping 
cancer-free for five years two out of every five patients operated upon 
and one out of every four seen' (Bonney). 


(d) Diagnosis and Differential Diagnosis 
It is of the utmost importance, in view of the results of treatment 
and prognosis, to recognize uterine cancer at the earliest possible 
moment. This can only be done by rigid insistence upon a careful local 
physical examination aided by the use of suitable specula, and by 
biopsy of doubtful tissues in all women who present symptoms suggest- 
ing the possibility of carcinoma. To shirk the responsibility of arriving 
at a correct diagnosis and to waste time by the use of symptomatic 
treatment is reprehensible in the highest degree. In all cases of irregular 
bleeding from the uterus at or about the menopausal age, it is better 
to transgress on the side of excessive care and to regard the cause of 
all such bleeding as malignant until it is proved to be otherwise. 

In the diagnosis of carcinoma of the vaginal cervix, the presence of Physical 
a firm nodular elevated patch, dark purple in colour, irregular on the 
surface, and dull in appearance, should always arouse suspicion. On 
contact the area may bleed freely, as distinct from the oozing from 
numerous minute points associated with a simple erosion. Moreover 
the tissue is friable, a diagnostic feature of the first importance. The 
association of a nodular indurated area on the cervix with ulceration 
of the tissues, friability, and free haemorrhage on contact is suflBcient 
evidence upon which to base a diagnosis of carcinoma. Whenever doubt 
exists, a section of the suspected area for microscopical investigation 
should be obtained as soon as possible. This is best done under anaes- Method of 
thesia, the patient being placed in the lithotomy position and the 
cervix exposed by a vaginal speculum. A small wedge of tissue half an 
inch in diameter is excised from the edge of the suspected growth and 
placed immediately in a fixing solution. Schiller claimed that the SchillePs 
diagnosis of even microscopical malignant neoplasms is possible by 
applying a solution of iodine 1 part, potassium iodide 2 parts, and 
water 350 parts to the cervix before biopsy. The application is made 
for one minute through a Ferguson’s speculum. Healthy tissues are 
stained brown and carcinomatous foci remain ivory white. The test 
is not diagnostic of carcinoma but indicates the areas which should 
be submitted to microscopical examination. 

Carcinoma of the cervix uteri must be diagnosed from various morbid 
conditions of the cervix which bear certain resemblances and may lead 
to confusion. A cervix which is deeply lacerated, enlarged, and everted Diagnosis 
as the result of obstetric trauma (ectropion) is liable to be mistaken for ^^^tTopion 
a malignant growth. Especially is this so when it is hard from diffuse 
fibrosis and complicated by an erosion which bleeds shghtly on contact. 

The tissue, however, is not friable, the colour is pink instead of purple, 
and the bleeding as seen through a speculum is localized to a number 



From erosion 


From 

tuberculous 

ulcer 


From 

syphilitic 

chancre 


Endocervical 

carcinoma 


Growths of 

vaginal 

cervix 

Diagnosis 
from fibroid 
polyp 


Cervical 

hygiene 


Post-natal 

examination 


486 UTEEUS, DISEASES AND DISORDERS [voL.xn 

of minute points. The same applies to a simple erosion of the cervix 
without ectropion. 

Tuberculous ulceration of the cervix may superficially resemble an 
epitheliomatous lesion, but the edges of the ulcer are less indurated 
and the tissue is not friable. Spontaneous bleeding with tuberculous 
disease of the uterus is rare. 

Cervical syphilitic chancres may at first suggest a malignant growth, 
but the clinical history and the presence of other syphilitic lesions should 
suffice to prevent an error of diagnosis. Resort should be made to biopsy 
in all cases of doubt. This applies also to the examination of apparently 
simple adenomatous or mucous polypi when the suspicion of malig- 
nancy exists. 

Endocervical carcinoma may be suspected when in the presence of 
suggestive symptoms, e.g. irregular bleeding and discharge, the cervix, 
examined per rectum, is found to be considerably enlarged. The uterus 
must be submitted without delay to careful investigation under anaes- 
thesia. This involves dilatation of the cervix and removal, by means 
of a sharp curette, spoon, or tissue-punch, of sufficient material for 
microscopical investigation. 

Fungating malignant- growths of the vaginal cervix are usually dia- 
gnosed without difficulty both from the clinical history and from the 
very obvious local physical signs. A necrotic and friable simple fibroid 
polypus in process of expulsion from the uterus to the vagina may, 
however, occasionally lead to an error in diagnosis. Removal of the 
necrotic area and exposure of normal fibroid structure, with demon- 
stration of a pedicle in the case of a submucous fibromyoma, will 
suffice to make the differential diagnosis. 

(e) Treatment 
Preventive 

The prophylactic treatment of carcinoma of the cervix consists in the 
adoption of what may he termed adequate and sufficient cervical 
hygiene. There is little doubt that the severely inflamed and deeply 
lacerated cervix so often the result of obstetric trauma, natural as well 
as surgical, is a source of grave potential danger in this respect. Chronic- 
ally infected foci should therefore be removed by diathermy or other- 
wise; cervical erosions and chronic endocervicitis should be cured by 
local therapeutic measures or trachelorrhaphy; and cervices which are 
so severely damaged as to render recovery practically impossible should 
be amputated. 

Thorough routine post-natal examination will discover many a cervix 
which in later years may favour the development of malignant disease. 
The early recognition and treatment of such diseased cervices is a 
valuable preventive measure against the growth of carcinoma in this 
site. 

In the section devoted to the treatment of uterine fibroids (see p. 471), 
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emphasis was laid upon the importance of total versus subtotal hyster- 
ectomy as a prophylactic measure against cervical carcinoma. 

Specific 

Cancer of the cervix is treated specifically by irradiation with y rays Irradiation 
applied locally by means of radium or ‘Chaoul short wave’ therapy, 
and at a distance by radium beams, or Erlangen deep rays. 

Radiotherapy has the advantage over surgical treatment in that it is 
free from the serious initial mortality attached to the operative methods 
employed for the radical cure of cervical cancer. Further its final results 
compare very^ favourably with those obtained with the latter (see 
pp. 484 and 488). These results are only obtainable when treatment is 
carried out in properly equipped clinics and by experts with a thorough 
knowledge not only of technique but of the desiderata and also possible 
dangers in the individual case. To treat an early and favourable case 
with an inadequate dose of radium, or without the assistance afforded 
by a deep X-ray plant or radium beam, is a practice w’hich cannot be 
too severely condemned. 

Before radiotherapy is applied care must be taken to ehminate local Contra- 
sepsis. Irradiation in the presence of infection either of the cervix or 
corpus uteri (e.g. pyometra) is very dangerous, and such carcinomas therapy 
must be regarded as unsuitable for this treatment. The presence of 
haemolytic streptococci or Bacillus perfringens is regarded by some 
authorities as a contra-indication. Irradiation should also be avoided 
in the case of extensive growths involving the rectum or bladder. Its 
injudicious use is more than likely to be followed by the development 
of fistulae. Anaemia and especially leucopenia should be regarded as 
indications for a smaller dose of y rays than is usually employed. 

Radium is appUed to the uterus and parametrium in the form of the Method of 
sulphate contained in small platinum tubes 0-6 mm. in thickness, 

This screen will absorb 99-9 per cent of ^ rays which, unless eliminated, 
produce necrosis of healthy tissues and Tadium burns’. Other metals, 
e.g. aluminium, lead, brass, copper, and silver, may be used instead 
of platinum, but a greater thickness of casing is required. The tubes 
containing the radium salt are so arranged in relation to the uterine 
and para-cervical cellular tissues as to effect a satisfactory cross-fire 
of the rays. Two methods of application are in common use to-day, 
namely, the Stockholm and the Paris. 

The basis of the Stockholm technique is exposure of the malignant growth Stockholm 
at frequent intervals to a large dose of radium heavily screened and for a 
short application. In a type case, three applications of twenty hours are made, 
the second treatment being given a week after the first, and the third two 
weeks after the second. The total dose of radium varies between 6,000 and 
7,000 mgm. el. hours, one-third being intra-uterine and two-thirds vaginal. 

The total vaginal dose should not exceed 4,500 mgm. el. hours, if damage 
to the rectum is to be avoided. In treating cervical carcinoma by the Stock- 
holm technique it is convenient always to have various applicators adaptable 
to the conformation of the individual growth. Fungating cauliflower growths 
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cannot be treated by similar applicators to those suitable for a flattened 
malignant ulcer or an endocervical growth. Metal tubes, capsules, boxes, 
and hollow cones in sections form convenient media to contain the requisite 
number of radium tubes or needles, and these should be available m different 
sizes and of such thickness as to provide the necessary screenage. The selected 
applicator containing the radium is enclosed before use in an envelope of 
cotton-wool and oil silk or india-rubber. After exposure of the cervix by 
means of suitable retractors, e.g. Heymati’s, the external os is identified, 
the cervical canal dilated, and the uterine tube introduced. The vaginal 
appUcators are then carefully placed against the tumour and kept m position 
by firmly packing the vagina with gauze. This important step also displaces 
the rectum from the source of radium emanation and so prevents subsequent 

^The Paris technique adopted at the Institut du Radium differs from the 
Stockholm in that only one prolonged application of radium is made for a 
period of five days, a maximal dosage of 8,000 rngm. el. hours being given. 
Two platinum tubes 1-5 mm. in thickness containing 13-33 mgm. and one 
similar tube containing 6*66 mgm. of radium sulphate are introduced in 
tandem’ into the uterine cavity in a rubber container. Three similar tubes 
contained in cork or wooden applicators are then placed in the vaginal vault, 
one being in each lateral fornix and the third against the vaginal cervix. It 
is advisable to remove, clean, and replace the vaginal applicators daily to 
avoid sepsis, and to facilitate this the lateral applicators are attached to a 
metal spring, the apparatus being termed a ‘colpostat’ (Lacassagne). 


Irradiation Radium applied per vaginam, by either the Stockholm or Pans 
of lymphatic ^^thods, should always be supplemented by irradiation of the lymph- 
atic fields either by deep Erlangen rays or radium beam. In the case 
of deep X-rays, six applications are made and the fields so irradiated 
that the beams cross at the uterus. Yoltz at Munich, considered the 
optimal dosage unit for uterine carcinoma to be between 90 and 110 
per cent of the unit skin-dose. With a 4-gram radium beam apparatus, 
it is usual to treat eight fields, two anterior, two posterior, two lateral, 
and two postero-inferior. The application is made to one area only 
per day with an exposure varying from three to ten hours. The distance 
from the skin is 10 cm. and a screen of 1 mm. platinum is employed. 


Surgical 

Until the advent of radium, the only treatment available for the cure 
of carcinoma of the cervix was surgical. The results of irradiation in 
suitable cases are to-day so good that irradiation has largely taken 
the place of operative treatment, but in some clinics hysterectomy, 
either by the extended abdominal technique of Wertheim, or by the 
vaginal route, is still regarded as the method of election when possible. 
In other clinics surgical treatment is used in conjunction with irradiation 
with a view to radical removal of the lymphatic field associated with 
the cervix uteri. 

Wertheim' s Wertheim’s hysterectomy (Wertheim, 1911) or hystero-colpectomy 

hysterectomy (Bourne) differs from total or panhysterectomy in that in addition to 
the uterus and appendages, the cellular tissue in the broad ligaments, 
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utero-sacral ligaments, and obturator fossae is removed, together with 
partial resection of the vagina. The cervical tumour is removed in a 
closed sack of the latter, to avoid infection of the seat of operation. 

This is effected by means of clamps applied to the vagina. 

The operation to be complete and properly carried out requires the 
skill of an experienced pelvic surgeon. Even in expert hands it is attended Mortality 
by an initial mortality not lower than 10 per cent, and with operators 
of less experience this figure may easily be doubled. Factors which 
influence the mortality rate, apart from such obvious risks as possible 
injury to a ureter and infection of the peritoneum, are such items as 
unnecessary manipulation of the tissues, clean rapid dissection, and 
avoidance of haemorrhage. Incomplete operations sometimes erroneously 
called Wertheim’s hysterectomies are not attended by the same initial 
mortality, but the curability rate on a five-year basis is correspondingly 
also lower. 

Vaginal hysterectomy as usually performed is not so radical an Vaginal 
operation for cervical cancer as the extended hystero-colpectomy of h'sterectomy 
the abdominal route. By the use of paravaginal incisions, however, 
good access can be obtained to the deeper parts of the pelvis, and in 
expert hands the uterus and appendages can be cleanly excised with 
sujflicient parametrium to effect a radical cure in properly selected cases. 


Symptomatic 

In advanced cases palliative measures only are possible. To check Treatment of 
spontaneous and severe haemorrhage the superficial layers of a necros- 
ing fungating growth should be removed under anaesthesia with a 
curette. The base may then be cauterized or coagulated by means of 
diathermy. Alternatively the growth may be exposed for five minutes 
to the action of a mixture of equal parts of acetone and solution of 
iodine, or a one per cent dilution of formalin. In very extensive growths 
accompanied by much pain and discharge, all that can usefully be Fain and 
done is to keep the surface of the growth clean by constant irrigation 
with antiseptic solution and to relieve pain by means of morphine or 
surgical division of the pre-sacral nerve or the pain paths in the spinal 
cord. In a few cases of advanced growth, irradiation by means of 
radium may be useful in relieving the patient’s discomfort, even if 
cure is impossible. Care must be taken to avoid such treatment when 
the bladder or rectum is involved, as the risk of producing a fistula 
and increasing the patient’s discomfort is then considerable. 

(2) — Carcinoma of Corpus Uteri 

{Synonym. — Cancer of the uterine body) 

(a) Morbid Anatomy 

Cancer involving the uterine body usually produces a hyperplastic Types 
growth which in the most common ‘tuberous’ type forms a fleshy mass 
of tissue more or less filling the uterine cavity. Less commonly, diffuse 
‘papillary’ or localized ‘polypoidal’ types are seen. The growth develops 
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in relation with the endometrium, often in the upper part of the cavity. 
It rarely spreads beyond the internal os, and ulceration is uncommon. 
The disease is slow in development compared with cervical carcinoma, 
and it is rare for it to produce much enlargement of the uterus. Indeed, 
in elderly subjects the uterus may be quite small. The organ maintains 
its normal contour unless and until the growth permeates the uterine 
wall to the peritoneum, when a nodular tumour results, somewhat 
resembling a fibroid uterus. This only occurs with advanced growths 
of long standing. 

On section, the tuberous variety presents a smooth creamy-white 
appearance. The growth projects into the uterine cavity and invades 
the uterine wall to a greater or lesser degree. It is, of course, not 
encapsulated. Microscopically carcinoma of the corpus uteri is of the 
glandular or adeno-carcinomatous type. Very occasionally a squamous- 
celled primary carcinoma has been described, the result, no doubt, 
of preceding metaplastic changes possibly associated with chronic 
inhammation. Two types of adeno-carcinoma of the uterine body are 
Tubular type recognized, the tubular and the alveolar. The tubular type consists of 
proliferating irregular and closely packed glandular tubules which 
develop either in an ‘everting’ or ‘inverting’ manner. The epithelium 
is columnar, and malignancy is shown by the irregularity in disposition 
of the cell nuclei, defective staining properties, and the presence of 
active mitosis. When, no proliferation of epithelium occurs, but the 
gland tubules exhibit a tendency to invasion of the fibro-muscular 
wall of the uterus, the growth is termed ‘adenoma malignum’. Such 
growths are difficult to recognize under the microscope unless the 
section shows the presence of muscle fibres between the gland elements. 
That the growth is locally malignant is shown by its recurrence after 
Alveolar type curettage. In the alveolar type of adeno-carcinoma the lumina of the 
glands are filled with many layers of cells, which form branching 
columns of growth. Degeneration of the most central cells produces the 
alveolar appearance. Alveolar adeno-carcinomas are more malignant 
than the tubular forms. 

Cancer of the uterine body spreads by direct infiltration of the uterine 
wall. The growth remains limited to the uterus much longer than is 
the case with cervical cancer. Ultimately, it extends through the uterine 
wall to the peritoneal surface. Adhesions are formed and the omentum 
or even a coil of intestine may become directly involved. Lymphatic 
spread is late, the glands affected being the lumbar, and occasionally 
the inguinal, via the round ligaments. In fatal cases metastases may be 
found in such organs as the liver, spleen, and adrenals. Secondary 
growths also appear occasionally in the vagina, probably the result of 
lymphatic permeation or emboli. Pyometra or haemato-pyometra is not 
an uncommon complication of uterine body cancer, especially in the less 
malignant forms in elderly women. In some cases the thickness of the 
uterine wall may be reduced to a mere shell. 
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(b) Clinical Picture and Course 

Corporeal cancer occurs in the nulliparous as well as the parous 
woman. It has been estimated that the incidence in the former is as Incidence 
high as 20 per cent compared with 4 per cent in cervical cancer. Even 
in the case of parous patients fertility is lower (parity 2 or 3) than 
with cervical carcinoma (parity 5 or 6). The age of onset is somewhat 
later than with cervical growths, most cases occurring during the post- 
menopausal epoch between fifty and sixty. This does not mean that 
cancer of the corpus is never seen before the menopause. A few years 
ago three women in the early forties with corporeal carcinoma were 
receiving treatment at the same time in the author’s hospital clinic. 

The symptoms associated with a carcinoma of the uterine body are 
similar to those of cervical cancer with the important distinction that 
they are less obvious, and, consequently, more likely to be overlooked 
by both patient and doctor. The earliest symptom is a slight blood- 
stained discharge such as is commonly associated with a simple mucous Discharge 
uterine polypus; from being irregular it gradually becomes constant, 
but is never profuse. The discharge is not offensive and never purulent 
unless pyometra exists. Before and during the years of the menopause 
such symptoms may easily be overlooked. Post-menopausal bleeding, Post- 
however slight, is so important a symptom that it is more likely to 
impress a patient and bring her under observation. 

Pain is not present in the early stages, but the patient may complain Pain 
of a certain degree of heaviness in the lower abdomen, or pelvic 
discomfort. Even in advanced cases pain is not necessarily a feature 
unless the peritoneum or coils of intestine are involved. The later phases 
are much the same as in cancer of the cervix. The discharge becomes 
purulent and offensive, haemorrhage is more severe and prolonged, 
and gradually a state of cancerous cachexia develops. 

Physical signs are by no means definite. In the majority of cases, the 
uterine body on bimanual examination will be enlarged. This, how- Size of uterus 
ever, is not invariably so, and the size of the uterus must be considered 
in relation to the age and parity of the patient. A small uterus does 
not exclude the possibility of a malignant focus within its cavity. When 
the uterus is enlarged the possibility of coexisting fibroids must be 
envisaged. Mobility of the uterus is not impaired until the later stages Mobility 
of the disease. 

(c) Prognosis 

Without treatment, the average life of a patient with cancer of the 
corpus uteri is two to four years or longer, from the time of onset of the 
first symptoms. This is more favourable than is the case with cancer 
of the cervix. 

With treatment, either surgical or radiological, a survival rate of 60 
per cent at the end of five years may be anticipated. This figure is more 
than double the five-year survival rate for all stages of cervical cancer. 
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{d) Diagnosis and Differential Diagnosis 
This usually depends upon the microscopical examination of tissue 
removed from the uterine body by means of a curette or spoon after 
dilatation of the cervix under anaesthesia. In the presence of suggestive 
symptoms this most necessary investigation should never be delayed. 
Bimanual Bimanual examination of the uterus may or may not show some slight 
examination enlargement. The cervix is healthy and, if the patient is elderly, may 
Uterine sound present signs of atrophy. The use of a uterine sound is dangerous 
when a malignant tumour of the uterine body is suspected. The walls 
of the uterus may be so soft and thin, especially when pyometra is 
present, that perforation of the organ is a very real risk. The only 
information that it will provide is knowledge of the length of the 
uterine cavity, and the presence of a lesion which possibly bleeds on 
contact. Neither of these signs is pathognomonic. 

Differential Carcinoma corporis uteri must be diagnosed from other morbid 
diagnosis lesions which cause slight uniform enlargement of the organ or are 
associated with slight bleeding and discharge. Such are senile endo- 
metritis, papuliferous adenoma of the endometrium, adenomatous or 
mucous polypi, metropathia haemorrhagica, submucous fibroid or 
fibroid polypus, chronic metritis or fibrosis uteri, uterine adeno- 
myoma, and retained products of conception or carneous mole. In 
all these cases careful attention to the clinical symptoms, and the 
information afforded by exploration of the uterine cavity with a curette, 
or in some instances the gloved finger, will prevent mistakes in diagnosis. 
Errors in connexion with the diagnosis of uterine carcinoma are more 
usually those of omission than of commission. Important symptoms 
are carelessly disregarded, or physical examination under anaesthesia 
deferred, no doubt on occasion in deference to the patient’s wishes. 
These should never be allowed to prevail with so much at stake. 

Bioj)S}^ The tissue removed from the uterus by means of the curette should 

all be collected, placed in a suitable fixing solution (e.g. formol-saline 
1 per cent) and sent to a pathologist familiar with lesions of the endo- 
metrium. The diagnosis between benign and malignant lesions of the 
uterus may be a matter of considerable difficulty, as will be seen by 
a reference to the microscopical appearance of corporeal carcinoma 
(see p. 490). 

(e) Treatment 

Cancer of the corpus uteri cannot be prevented. 

Specific 

Irradiation Specific treatment includes the use of radiotherapeutic measures. 

Many gynaecological surgeons, including those of the British and 
French schools, generahy regard corporeal cancer, in common with 
adeno-caicinoma of many other organs, as being unsuitable for 
irradiation. The more highly evolved cell of the adenomatous growth 
is considered to be less vulnerable to the y ray than the more primitive 
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malignant cell associated with squamous-celled carcinoma, but this 
view is not held universally, and in some clinics radiation therapy is 
employed for ‘body cancers’ equally with those invading the neck of 
the uterus. Thus Voltz has recorded 66 per cent ‘five year’ successes in 
a series of forty-three clinically operable patients. Among forty-two 
clinically inoperable patients 14*3 per cent were free from recurrence 
at the end of five years. Heyman at the Stockholm Radiumhemmet has 
also stated that ‘in view of our results we cannot agree with the almost 
universal opinion that radiological treatment of carcinoma of the 
uterus cannot compete with surgical treatment’. In view of this difference 
of opinion upon the most suitable therapeutic measure, it would appear 
best not to adopt a dogmatic attitude, but to select the method most 
suitable to the individual case. When surgical risk is great by reason 
of constitutional factors such as obesity and age, or when the growth 
is extensive, irradiation is probably more suitable. In the presence of 
co-existing conditions, such as fibroids and tubo-ovarian inflammation, 
or when the growth is early and the patient physically able to sustain 
the shock of an operation, surgical treatment may be employed with 
a very reasonable prospect of immediate and future success. 

The irradiation technique is the same for both corporeal and cervical Technique 
growths (see p. 487). The dose of radium employed is from 4,300 to 
4,800 mgm. el. hours intra-uterine; and 1,760 mgm. el. hours in the 
vagina. This dose is reduced to two-thirds in the case of small senile 
uteri. 


Surgical 

Since carcinoma of the body is confined to the uterus and does not 
invade the lymphatic field until comparatively late in its course, it is 
sufiflcient to remove the uterus and appendages alone, either by the 
abdominal or vaginal routes. The hystero-colpectomy of Wertheim 
with its dissection of the ureters and pelvic cellular tissue is unneces- 
sary, unless there is reason to believe that the growth has extended 
also to the cervix — a rare eventuality. 

Abdominal total hysterectomy would appear to oflfer advantages over Hysterectom, 
the vaginal route, as the latter, owing to nulliparity or post-menopausal 
atrophy, not uncommonly presents technical diSiculties. In the case of 
pyometra, or in elderly multiparae, vaginal hysterectomy is preferable 
to the abdominal operation. Whichever route is adopted, care must 
be taken not to implant fragments of the growth upon the incisions. 

Local recurrences are by no means unknown when this precaution is 
neglected. The risk of expressing malignant cells through the cervical 
canal during the course of the operation may be prevented by the 
insertion of a suture through the vaginal cervix to close the external 
os as a preliminary to hysterectomy. The immediate mortality risk of Mortality 
hysterectomy for carcinoma of the corpus uteri is from 6 to 8 per cent 
including all cases. In selected series the risk is but slightly above that 
associated with hysterectomy for fibroids, namely, 1 to 2 per cent. 
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i -DEFINITION 

1591.] The uveal tract constitutes the middle or vascular coat of the 
eye and consists of the iris, ciliary body, and choroid. The three parts, 
though continuous, present differing clinical pictures in disease and are 
therefore described separately, but involvement of one portion is often 
accompanied by the same change in the neighbouring parts. 
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2.-CONGENirAL ABNORMALITIES 

Coloboma of the iris is a sector-shaped defect situated downwards and 
slightly inwards, the edges being smooth and rounded. The defect may 
continue backwards through the ciliary body to the choroid, where it 
appears as a pale parabolic area seen with the ophthalmoscope. Rarely 
it may extend as far as the optic disk. The retina over the affected area 
is also abnormal. 

Albinism consists of failure in development of the pigment of the 
whole uveal tract and also of the pigment of the pigmented epithelium 
of the retina, associated with defective pigmentation of the hair. (See 
also Vol. I, p. 271.) The chief symptoms are photophobia and defective 
vision; nystagmus is usually present. The iris appears pale grey, and 
light thrown into the eye is reflected through its meshes as well as 
through the pupil, giving a pink reflex. The fundus is excessively pale 
and the broad choroidal vessels are unusually prominent. The macular 
region is more vascular than the rest of the fundus. Treatment consists 
in the provision of dark glasses for relief of the photophobia. 
Buphthalmos (hydrophthalmos) or congenital glaucoma is described 
in Vol. II, p. 448; and Vol. V, p. 576. 

Congenital anterior synechia is an incomplete form of the same mal- 
formation and, though often symptomless, predisposes to glaucoma. 
Heterochromia iridis is seen as sharply defined areas of differing colour 
and is a hereditary pigmentary variant; it is not of any pathological 
significance. 

Aniridia is a total absence of the iris. The ciliary processes and sus- 
pensory hgament of the lens are usually present but may be abnormal. 
Cataract is commonly also present. 

Anisocoria or inequality of the size of the pupils is, in minor degree, 
a physiological variant. It is most commonly due to a substantial 
difference in refraction between the two eyes. In the acquired forms the 
condition signifies interference with the iris muscles or their innervation. 
Persistent pupillary membrane is a failure of complete development 
of the pupil with persistence of mesodermal strands. These are seen as 
coloured strands passing from one part of the iris collarette to another 
and often traversing a small part of the pupil. 

Macular coloboma is hereditary and usually bilateral and consists of 
an oval area about two disk diameters in extent at or near the macula. 
The centre is atrophic and pale, sometimes containing pigment granules, 
and the edges are heavily pigmented. The retina is drawn over the hole 
but may partly sink into it. Vision is reduced in varying degrees. The 
pathology is uncertain but local ischaemia in intra-uterine life may be 
a factor. Arachnodactyly (see Vol. II, p. 557) is commonly associated 
with this condition (Sorsby). Diagnosis should be made from obsolescent 
macular choroiditis (see p. 510). 
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3 -INFLAMMATION 

(1) — Aetiological Classification 

Iritis 

1592.] Iritis is sometimes classified according to the nature of the 
exudate and may be acute or chronic. 

Plastic iritis is usually gonorrhoeal in western Europe but often Plastic 
syphilitic in India and the East. The condition is prone to relapse 
repeatedly and is characterized by a gelatinous exudate leading to the 
formation of posterior synechiae and often to seclusio pupiliae, iris 
bombe, and secondary glaucoma (see Vol. V, p. 576). 

Sero-fibrinous exudate occurs in the common form of iritis, and, though Sero- 
its aetiolog}' is often doubtful, is found in general diseases, such as gout, 
rheumatism, and diabetes mellitus; in the secondary stage of acquired 
syphilis; with chronic or subacute infection of neighbouring organs, 
such as the teeth, tonsils, and nasal sinuses; or secondarily to scleritis 
or keratitis, such as that due to severe ulcers and to burns of the cornea 
by molten metals or chemicals. 

Purulent exudate occurs in metastatic iritis in pyaemia. Otitis media. Purulent 
puerperal pyaemia, and severe exanthemata provide most cases. These 
often progress to a generalized endophthalmitis. It is also secondary 
to acute local infection and, in particular, to ulcus serpens of the cornea 
in association with dacryocystitis, and to corneal ulcer from abrasion 
especially by coal dust, or from the forward spread of infection of the 
ciliary region or anterior choroid. 

Haemorrhagic iritis follows contused injuries of the globe, and venous Haemor- 
thrombosis of the ciliary region or of the venae vorticosae and is then 
often accompanied by increased intra-ocular tension (thrombotic 
glaucoma). Diabetes mellitus in the senile, with arteriosclerosis, also 
gives rise to this type of iritis. 

Granulomatous or nodular iritis is characteristic of three chronic Nodular 
infections, namely, tuberculosis, syphilis, and leprosy. These produce a 
low-grade diffuse iritis with insidious formation of posterior synechiae 
(adhesions between the iris and lens), which are often associated with 
cyclitis and run a prolonged course. The nodules in tuberculous iritis 
occur most commonly at the circulus arteriosus major and the circulus 
minor. In secondary syphilis the nodes or papules occur usually at the 
pupillary margin or at the circulus arteriosus major near the outer 
periphery. Nodules are also described in leprosy (see Vol. YII, p. 692) 
though some authorities recognize only a diffuse lymphocytic infiltra- 
tion of the iris. 

Aetiological classification of iritis is unsatisfactory because the causa- 
tion is often unknown or depends on evidence of disease elsewhere in 
the body more often than on specific peculiarities in the eye, or is based 
empirically on the beneficial response to particular lines of treatment 
E.M. VOL. XII 2 k 
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which are not necessarily specific. There is some difference of opinion 
about the prevalence of tuberculous iritis on these grounds. 

A general aetiological classification, however, can be made as follows. 

(1) Infective: (d) metastatic as in gonorrhoea, syphilis, tuberculosis, 
malaria, conditions of general septicaemia, and secondary to infection 
of neighbouring structures such as the teeth, tonsils, nasal sinuses, and 
middle ear, and in some of the acute exanthemata; (b) due to local 
infection of the cornea, sclera, ciliary body, and choroid, or by direct 
penetrating infection by injury, (ii) Toxaemic, as in rheumatism, gout, 
diabetes mellitus, and dysentery, and in severe general toxaemia includ- 
ing certain specific fevers, (iii) Sympathetic, a chronic or subacute 
irido-cyclitis following penetrating injury, particularly in the region of 
the ciliary body, of the fellow eye: also rarely seen in prolapse of the 
iris after extraction of cataract and in incarceration of the iris after 
spontaneous perforation of a comeal ulcer; the mode of origin of this 
condition is still in dispute. (See Vol. II, p. 414.) 

Cyclitis and choroiditis 

Cyclitis and choroiditis may be classified in the same way on an 
aetiological basis but are more commonly classified by their clinical 
appearance. 

(2) — Morbid Anatomy 

(a) Iritis 

In iritis a polymorphonuclear or round-celled infiltration of the stroma 
accompanies the vascular congestion. Inflammatory transudation into 
the aqueous humour produces a plasmoid aqueous which may embarrass 
or even obstruct the filtration angle of the anterior chamber; adhesions 
form between the iris and lens (posterior synechiae) and obstruct the 
normal communication between the front and back of the iris through 
the pupil. When such adhesions completely surround the pupil seclusio 
pupillae arises. The pressure of aqueous humour behind may then 
bulge the iris forward (iris bombe), obstructing the filtration angle and 
producing secondary glaucoma. Exudate may also cover the surface 
of the lens in the pupil area (occlusio pupillae) and greatly obscure 
vision. Adhesion between the iris and cornea (anterior synechia) is more 
rare but when present disposes to glaucoma. The rupture of recently 
vascularized posterior adhesions by the use of atropine may result in 
haemorrhage (hyphaema) in the anterior chamber, and occasionally 
this may be due to rupture of congested vessels on the surface of the 
iris. Inflammation in any considerable degree is accompanied by involve- 
ment of the ciliary body and/or choroid. 

Resolution of inflammation is followed by some degree of atrophy 
and depigmentation so that the stroma of the iris may become thinned, 
paler than that of the fellow eye, and may transmit reflected hght. 
Atrophy of the iris muscles results in defective pupillary movements. 
Bacteriological investigation is rarely available in iritis. In secondary 
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syphilis spirochaetes have been recovered from the anterior chamber 
but in most forms of iritis the responsible organisms have not been 
identified locally. 

(b) Cyclitis 

Cychtis shows morbid changes identical with those of iritis and 
differs only in its clinical appearance and in the significance of the 
anatomical position of the ciliary body betw-een the iris and choroid. 

The exudates formed are thrown into three positions: (i) into the anterior Exudates 
chamber w^here they congregate on the posterior surface of the cornea, 
often in a triangular distribution, at the lower central part, and are 
known as keratic precipitates, keratitis punctata, or shortly ‘K.P.’ (see 
p. 503); (ii) upon the posterior surface of the lens w^here they form 
a membrane obstructing vision and impairing the respiration of the 
lens w^hich may consequently undergo cloudy swelling and become 
cataractous; and (iii) into the vitreous, forming fine dust-like opacities. 

Cyclitis is prone to relapse. The clinical forms are dealt with as irido- 
cychtis. A full description of the pathology of irido-cyclitis was given 
by Parsons. 

(c) Choroiditis 

Diffuse acute choroiditis appears clinically as panophthalmitis, the 
whole choroid and interior of the eye being rapidly involved in pyogenic 
infection. Resolution is accompanied by shrinking of the globe from 
the contraction of fibrous masses in the vitreous humour (phthisis 
bulbi). Such infection is usually secondary to septic infection by pene- 
trating wounds or to infection in the course of acute septicaemia or 
pyaemia. Localized acute choroiditis is metastatic and the primary 
source often indefinite. Sepsis of the teeth, tonsils, or nasal sinuses is 
the most common source. More definitely tuberculosis and syphilis 
are responsible for many instances of choroiditis and these forms are 
described as clinical entities. But in many cases of choroiditis the 
origin is quite unknown. Resolution results in an area of central Resolution 
atrophy surrounded by a zone of reaction in which there is usually a 
ring of increased pigmentation. The retina over these areas of atrophy 
degenerates and vision is consequently affected. 

(3) — Clinical Picture, Diagnosis, and Treatment 

(a) Iritis 

In acute iritis toxaemic signs and symptoms of general disease may 
be present. Pain is felt in the eye and characteristically in the brow Acute pain 
and is continuous, aching, or throbbing. There are photophobia and 
lacrimation. Vision is usually only moderately impaired, in contrast to Vision 
the greater loss of vision in acute glaucoma. 

The lids are often oedematous. There is congestion of the conjunctival Lids, cornea, 
and anterior ciliary vessels, the latter producing a circum-corneal zone 
of short straight vessels, this flush being characteristic of acute iritis. 
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In the chronic stage the conjunctival congestion may be absent. The 
eye-ball is tender, particularly in the ciliary region, and movements 
of the eye are painful. 

The cornea may be slightly hazy in the acute stage but is brightly 
clear in the subacute and chronic stages. The aqueous is turbid and 
may contain a gelatinous exudate. -In severe cases pus may collect in 
the bottom of the anterior chamber forming a hypopyon which shows 
as a greyish-yellow streak. Coincident cycUtis is shown by the presence 
of keratic precipitates (‘K.P.’) on the posterior surface of the cornea. 
The iris is congested and darker in colour and the intricate pattern is 
blurred. The pupil is generally smaller than normal and irregular from 



Fig. 45.— (a) Iris bombe and posterior synechiae: anterior view. 

(b) Iris bombe, seclusio and occlusio pupillae: sagittal view. Diagrammatic 


the presence of posterior synecliiae (see Plate XII, a). There is diminished 
mobility in the reactions to light. Complete adhesion of the margin 
and posterior surface of the iris to the front of the lens may occur 
(seclusio pupillae) or exudate may extend across the pupil and obstruct 
it (occlusio pupillae) (see Fig. 45, b). This process obstructs the passage 
of aqueous humour from behind and the iris is bulged forward (iris 
bombe) (see Fig. 45, a and 6); as a result the root of the iris is forced 
into the filtration angle which becomes closed, with resulting increase 
of intra-ocular tension. In some cases the gelatinous exudate in the 
anterior chamber blocks the filtration angle producing increased intra- 
ocular tension with a deep anterior chamber. 

Iritis is most common in adolescents and younger adults. First attacks 
of iritis after the age of forty are not common but recurrence of iritis 
may persist to any age. 
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Chronic iritis is insidious in onset and may be almost symptomless Chronic 
at first; pain is absent or slight and may not attract attention. The 
eye may be almost free from congestion of the conjunctival or anterior 
ciliary vessels, or a mild intermittent ciliary' flush may be present. In 
such cases the usual complaint is slowly increasing loss of sight due to 
exudate in the pupil and to posterior synechiae. A coincident eyelids 
is often present. The chromatophores show little increase and sub- 
sequently atrophy with the rest of the iris stroma; consequently the 
affected iris becomes of lighter colour than its fellow (see Plate XII, b). 

The incidence of secondary glaucoma may first attract attention to 
the eye. 

Evidence of past iritis may be valuable in the diagnosis of such general Evidence of 
diseases as ‘rheumatism’, osteoarthritis, rheumatoid arthritis, gout, 
diabetes mellitus, dysentery, malaria, gonorrhoea, syphilis, leprosy, 
and tuberculosis. Though the eye may not be inflamed, traces of past 
involvement may be found in irregularity of the pupil with the presence 
of posterior synechiae. Some mydriatic such as cocaine may be 
necessary to demonstrate these if the pupil is miotic. These adhesions, 
at first dark brown, become light grey from the absorption of pigment. 

The pupillary margin may show an exaggerated dark edge from over- 
growth of the pigmented epithelium of the posterior surface of the iris. 

When mydriasis has been maintained during an acute attack by the 
use of atropine, the pupil may be perfectly circular and not show any 
posterior synechiae, but there may be pigment spots on the front of ’ 
the lens where such have been broken away. 

The course of an attack of acute iritis is governed by the type and Course 
degree of exudation and the effect of treatment. An acute attack seldom 
lasts for less than two to three weeks or longer than two to three 
months. Recovery is by lysis but is incomplete for some time after the 
iris has resumed its normal appearance; recovery is shown by absence 
of pain and tenderness and of vascular congestion. The diminution 
of congestion of the anterior ciliary vessels is first noticed far back 
and the circum-corneal region is the last to recover. The forward 
recession of congestion indicates the rate and degree of recovery. 
Photophobia and irritability on examination are among the last signs 
to disappear. Under early and energetic treatment recovery from acute 
iritis is usually complete in the initial attack, but relapsing or chronic 
attacks usually leave permanent defects and are complicated by 
sequelae. 

When untreated, or inadequately treated, the formation of exudate Complications 
proceeds to the formation of adhesions with a danger of secondary 
glaucoma. In lesser degrees posterior synechiae produce irregularity 
of the pupil and impaired action of the pupillary muscles. Exudate in 
the filtration angle of the anterior chamber may cause increase of intra- 
ocular tension. Occlusio pupillae with permanent impairment of vision 
may follow the collection of exudate on the anterior surface of the 
lens in the pupil area and, if a major area of the lens capsule is so 
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covered, secondary cataract may follow. Extension of inflammation to 
the ciliary body often occurs and, in severe cases, may spread to the 
choroid when a general endophthalmitis may result. 

A primary attack of acute iritis if treated early and adequately does 
not carry a serious risk of severe loss of vision. The pupil can usually 
be fully dilated and exudates are often entirely absorbed. In recurrent, 
chronic, or neglected cases with complications, the prognosis may be 
very serious. Yision is reduced by organized exudates or by the develop- 
ment of glaucoma but is rarely totally lost. The coexistence of cyclitis 
and/or choroiditis is unfavourable to the prognosis. Diabetic iritis 
carries an unfavourable prognosis as does infection elsewhere when 
complicated by diabetes mellitus. (See also p. 506.) 

Acute congestive glaucoma is the most important disease likely to be 
confused with iritis. The points of difference may be summarized thus. 
The onset of glaucoma is often marked by acute pain in the brow and 
head and vomiting without other general symptoms. Loss of vision is 
extreme and very rapid, but there may have been premonitory attacks 
of transient obscuration of vision lasting only a few minutes. Rings or 
haloes of the colours of the spectrum may be seen round lights but 
usually the complaint is of a fog or mist. The intra-ocular tension is 
raised. Supra-orbital pain is usually moderate, as are ciliary and con- 
junctival congestion which are sometimes slight. The cornea is diffusely 
and evenly hazy from oedema of its layers, but without keratic pre- 
cipitates. The anterior chamber is shallow and the pupil inactive and 
semi-dilated with the vertical diameter often greater than the horizontal. 
The margin of the pupil is regular and, except in thrombotic cases, does 
not show posterior synechiae. The iris is congested, and the lens gives 
a greenish reflection on focal illumination. In the initial acute attack 
the fundus may be invisible on account of corneal oedema but, if seen, 
the optic disk is not cupped. In subsequent attacks, or in chronic 
glaucoma, the disk is cupped and atrophic. On no account should 
atropine be used. The age is usually over forty, the sex commonly 
female. (See also Vol. V, pp. 580 and 583.) 

Acute thrombotic glaucoma often follows thrombosis of the central 
retinal vein, occurs predominantly in obese hypertensive subjects 
between the ages of 55 and 75 years, but closely resembles acute iritis in 
many ways; pain is constant and severe. There may be transudation 
from the iris with formation of posterior synechiae; congestion of the 
iris, conjunctiva, and ciliary region is prominent, the vessels of the iris 
being engorged and varicose. 

Acute conjunctivitis is distinguished by the absence of congestion of 
the anterior ciliary vessels, by the clear anterior chamber, and by the 
normal colour, pattern, and mobility of the iris, by the normal shape 
and reactions of the pupil, and by the presence of conjunctival con- 
gestion and of a sero-fibrinous or muco-purulent discharge from the 
conjunctival sac. 

Acute episcleritis, scleritis, and keratitis show the characters of a 
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normal iris but there is engorgement of the anterior ciliar>^ vessels and From 
oedema of the episcleral tissue. Episcleritis is often confined to a sector 
of the globe and extends backwards for some distance. Scleritis may be scleritis 
sharply localized in patches, and evidence of previous attacks may be 
shown by thinning of the sclera and slaty-blue areas where the under- Frojn 
lying uvea shows through. Keratitis shows opacity or vascularization 
of the cornea and possibly ulceration. In severe cases of these diseases 
there is commonly some degree of associated iritis. 

ib) Cyclitis 

Acute cyclitis accompanies most severe cases of iritis. Clinically the Acute 
signs and symptoms correspond in most respects to those of iritis but 
there may be greater tenderness over the ciliary region. The char- 
acteristic sign is the presence of keraiic precipitates, consisting of 



(^) ib) {c) 


Fig. 46. — {a) Irido-cyclitis: showing posterior synechiae and keratic precipitates. 

{b) Cyclitis: sagittal section: showing position of keratic precipitates on back of 
cornea, (c) Irido-cyclitis: with mutton-fat keratic precipitates (possibly tuberculous 
aetiology) 

aggregations of dead leucocytes deposited upon the back of the cornea. 

‘K.P.’ may be extremely fine and translucent and only visible by careful ^K.p: 
observation with the aid of oblique focused illumination and a loupe. 

The spots are usually grey but sometimes brownish; the distribution 
may be difiuse but is characteristically most prominent in the lower 
part of the cornea extending upwards towards the centre of the cornea 
to end in a point, thereby having a triangular shape, apex upwards 
(see Plate XII, a, b, and c, and Fig. 46, a and b). The aqueous is turbid. 

Exudate is also present on the anterior, and especially the posterior, 

surface of the lens, and cells extruded into the vitreous produce a 

haze of varying density. These exudates obscure vision, the loss of 

vision being more severe in degree and tending to be more persistent than Loss of vision 

in iritis. 

Chronic cyclitis or subacute relapsing cyclitis presents a separate Chronic 
clinical picture though some degree of iritis or anterior choroiditis 
is probably always present. The disease is insidious in that pain, 
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photophobia, lacrimation, and injection of vessels may be absent and 
slowly increasing failure of vision may alone at last attract the patient’s 
attention. For this reason the condition is serious, since treatment may 
be long delayed. 

As a complication of acute iritis a mild degree of cyclitis is not of 
very serious significance and usually undergoes complete resolution 
with the iritis under adequate treatment. Recovery is indicated by 
diminution of the number and shrinking of spots of keratic precipitates 
which show crenellate edges. Cyclitis as the major infection, however, 
runs a prolonged course and is prone to relapse. 

Three to nine months is a satisfactory period in which to secure 
quiescence, but obstinate cases defy treatment for as many years and 
sometimes longer. As the ciliary body forms the major portion of the 
vascular coat of the eye, vascular transudation is on a more generous 






Fig. 47. — (a) and (6) Nodular iritis: (a) tuberculous; (6) syphilitic, secondary stage, 
(c) Cyclitis complications: vitreous opacities and posterior lenticular exudate 

scale so that absorption is slow and often incomplete. The response to 
treatment is often unsatisfactory and the prognosis correspondingly poor. 

The transudations from the ciliary processes into the anterior chamber 
may form a very dense ilm of keratic precipitates which, if permanent, 
obstruct vision severely. The anterior surface of the lens is less com- 
monly involved; the posterior surface is more often affected, and the 
exudates may form a dense membrane adherent to the lens which may 
so impair the osmosis through the lens capsule as to cause degeneration 
of the lens fibres and secondary cataract. The exudate into the vitreous 
produces a haze of varying density in the acute stage, thus impairing 
vision (see Fig. 47, c). In the chronic stage subsequent fibrosis of the 
vitreous and diminished activity of the ciliary processes from atrophy 
may cause disorganization of the globe with shrinking (phthisis bulbi). 
These cases almost always have advanced from cyclitis to generalized 
uveitis. In lesser degree shrinking of the vitreous may result in detach- 
ment of the retina of an intractable type. Cases in which extension of 
the inflammatory process involves the whole uvea are very grave and 
are often accompanied first by a condition of secondary glaucoma and 




later by decreased intra-ocular tension; in cases of endopht^lmitis > 
vision is often totally lost. 

The prognosis in cyclitis is worse than in iritis and choroiditis because Prognosis 
its progress may be considerable before attracting attention, it is 
resistant to treatment, subject to relapses, in aetiology even more 
indefinite than iritis, and its complications are far more damaging to 


vision. 

(c) Special Forms of Irido-Cyclitis 
In cases of irido-cychtis aetiological factors are uncertain, but in some 
cases the clinical picture is sufficiently characteristic to justify a pre- 
sumptive classification. 

Tuberculous irido-cyclitis is usually chronic with subacute exacerba- Tuberculous 
tions, is extremely persistent, and liable to recurrence. Anterior choroid- 
itis often co-exists and sometimes is more diffuse or accompanied by 
a retinal periphlebitis. The disease is insidious in onset and often 
remains unnoticed for some time. The iritis may be diffuse, or nodular. 

In the diffuse type extensive posterior synechiae form and are extremely f 
tenacious, and iris bombe may result from ring synechiae. In the ^ ^ 

nodular type the nodules are most commonly seen in the angle of the Nodular type 
anterior chamber in relation to the circulus major and are usually 
confined to the outer half of the iris (see Fig. 47, a)\ they are greyish- 
yellow and about the size of a pin’s head. They may break down 
and produce erosion or holes, and resolution is accompanied by thin- 
ning of the stroma in localized areas. The keratic precipitates may be 
diffuse and of the usual distribution, when they are not distinctive, 
but sometimes are few in number, large, and yellowish — so-called 
mutton-fat ‘K.P.’ (see Fig. 46, c)— and these cases strongly suggest 'K.p: 
tuberculosis. Vitreous opacities are dense and slow to resolve even 
when there is a response to treatment, but many cases are not influenced 
by treatment. Treatment should be prolonged for months after the 
disappearance of all vitreous and aqueous opacities as a precaution 
against relapse. 

Bilateral irido-cyclitis accompanied by bilateral enlargement of the Uvea- 
parotid gland constitutes the syndrome of uveo-parotitis. The parotids 
are of a firm woody consistence, painless, and not tender; salivation 
is not increased as in mumps, and the other salivary glands are rarely 
involved as in Mikuhcz’s disease (see Vol. IX, p. 454). There is a slight 
evening rise of temperature during the stage of parotid enlargement. 

The irido-cyclitis is not characteristic. A full account of this syndrome 
was given by Garland and Thompson, and it has been suggested that 
it is associated with some lesions of the central nervous system (Feiling 
and Viner). The parotid condition responds well to fight doses of 
X-rays; the irido-cyclitis should receive the usual treatment of tuber- 
culous irido-cyclitis (see p. 507). 

In association with syphifide or tuberculide of the face an intractable Dermatosis 
chronic irido-cyclitis sometimes occurs. 

In secondary syphilis there may be a sero-fibrinous irido-cyclitis of Syphilitic 
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the ordinary type. Its incidence in western Europe appears to be 
diminishing but it is still common elsewhere. In the secondary stage 
nodular iritis also occurs, the nodes being chiefly on the inner half of 
the iris and characteristically on the pupillary margin (see Fig. 47, b). 
Deep-seated nodes occur but do not attract attention so readily. 
Cyclitis is less frequent and less prominent than in tuberculous cases, 
and anterior choroiditis still less frequent. Interstitial keratitis of any 
severity is accompanied by some degree of iritis. 

Gonococcal iritis is pre-eminently plastic and produces a gelatinous 
exudate. Synechiae are numerous and occlusio and seclusio pupillae 
are common. Relapses are characteristic. The condition is essentially 
septicaemic and is often accompanied by arthritis of the same aetiology. 
Keratic precipitates are rare. 

Metastatic iritis secondary to septic foci is more frequent in diabetes 
mellitus, but is not truly diabetic in pathology. Diabetes mellitus, 
however, induces a haemorrhagic iritis in which the vessels of the iris 
are extremely varicose; these cases show also vitreous opacities and 
degeneration in both the retina and choroid. 

When herpes zoster involves the naso-ciliary branch of the ophthalmic 
division of the trigeminal nerve, severe irido-cyclitis is very liable to 
develop. The absence of normal vascular tone and of trophic impulses 
makes this type exceedingly resistant to treatment and the prognosis 
is grave. Hypotension or hypertension of the globe is a common 
accompaniment. (See also Cornea, Injuries and Diseases, Yol. Ill, 
p. 430.) 

Sympathetic irido-cyclitis occurs in a healthy eye following perforating 
injury of the fellow eye, sometimes after a latent quiescence of years 
but usually within two to six months. (See Blindness, Yol II, p. 414.) 
During the acute stage the patient should remain in bed in a darkened 
room for one to two weeks. Diaphoretics and diuretics are useful and 
the bowels should be kept gently open. Diet should be full but digestible. 
Local medicinal treatment aims at rest, warmth, and diminution of 
vascular congestion. Atropine sulphate 0-5 to 1 per cent, in the form 
of drops or ointment, is put into the eye every three hours at first 
and, when dilatation of the pupil has followed, continued twice a day. 
Drops of cocaine hydrochloride solution 2 per cent relieve pain and 
enhance the action of atropine. Synechiae resisting atropine may be 
broken down by subconjunctival injection of 5 minims of mydricaine 
or by the instillation of laevo-glaucosan. Heat is applied either by hot 
bathing for twenty minutes four or five times daily or by electric heaters 
or charcoal boxes for similar periods. Diminution of congestion is also 
assisted by the application of two leeches to the temple; this treatment 
is especially valuable in cases with gelatinous exudate into the anterior 
chamber, and whenever the intra-ocular tension is raised. Leeches may 
be applied every forty-eight hours till the anterior chamber is free 
from exudate or the intra-ocular tension has fallen. In the absence of 
leeches blistering of the temple by cantharidin is a good substitute. 
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In very obstinate cases with increased tension the effect of diathermy 
is often dramatic; the application to the lids should be for ten to 
fifteen minutes, using a current of about 600 kilocycles and 400 to 
600 miUiamperes; the treatment may be repeated daily for a week or 
more. Lowering of tension is greatest some six to twelve hours after 
the treatment. 

The prolonged use of atropine may ultimately lead to a condition of Atropine 
allergic hypersensitivity of the conjunctiva and of the skin of the fids 
and face. First apparent as a folhcular swelling of the conjunctiva of 
velvety appearance, it rapidly involves the skin of the lids and face 
in a brawny oedema. In patients with atropine irritation the atropine 
should immediately be stopped and scopolamine used instead, but they 
may, in due course, develop a similar sensitivity to the latter alkaloid. 

The sensitivity, once acquired, persists throughout life and will recur 
acutely on the first administration of these drugs even after a lapse of 
years. Mydricaine, however, by subconjunctival injection, may be given 
without incurring the allergic response. 

Pain is relieved by atropine and cocaine, by heat, and especially by Local and _ 
using leeches, and is assisted by giving 15 grains of aspirin three times 
a day or three compound aspirin tablets thrice daily. In severe cases, 
morphine sulphate i grain may be injected at the beginning of treat- 
ment, but two leeches are usually more efficacious. Ten-minim doses 
of tincture of gelsemium may be given if supra-orbital referred pain 
is very severe. Photophobia is reheved by darkening the room, a shade 
for both eyes, or darkened spectacles. 

Treatment of the underlying cause is important. Septic foci should be Treatment of 
eradicated but with discretion and with due consideration rather than 
as a routine, because a flare-up may follow the sudden release of sepsis. 

Such foci should be left alone till the acute phase of the eye condition 
has passed. The general disease of which irido-cyclitis is often but a 
manifestation requires close attention; in this connexion toxaemia must 
be treated on general grounds, and has an important effect on the course 
of the ocular condition. The diathesis of the patient may be helpful in 
otherwise obscure cases. Specific general treatment is indicated when a 
chnical type of irido-cyclitis can be recognized. Clinically many cases 
improve on injections of tuberculin or neoarsphenamine, but it is 
doubtful if their effect is specific. This response to treatment has led 
to confusion and the assumption of unproven aetiology, so that the 
incidence of tuberculous or syphilitic irido-cyclitis varies very widely 
with different authorities (Foster Moore; XJrbanek). 

Antituberculous injections consist of the use of O.T. (old tubercuHn), Specific: 
T.R. (tuberculin residue), or B^E. (bacillary emulsion). In these the 
initial doses must be very small, T.R. mgm. and B.E. 0-00001 
mgm., and gradually increased over a period of three to five months 
to a full dose of 1 mgm. The maximal dosage employed by many 
authorities, however, is 0-25 mgm. Care must be taken to avoid local or 
general unfavourable reactions by too abrupt an increase in dose. This 
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form of treatment should be given when the irido-cyclitis has passed its 
acute stage. In children, daily inunction of the arms with ointment of 
O.T. 1 5 per cent or guaiacol 5 to 7 per cent may be preferable to repeated 
injections. 

Syphilitic irido-cyclitis should receive the usual treatment with 
potassium iodide and injections of arsenic derivatives alternating with 
bismuth. Neoarsphenamine is useful in sympathetic irido-cyclitis, the 
form due to post-operative endogenous infection, and for the irritation 
resulting from the presence of lens cortex in the anterior chamber. 
During treatment the urine should be watched for the presence of 
urobilinogen. In patients who cannot tolerate neoarsphenamine, mer- 
curic chloride may be given intravenously in weekly injections starting 
with grain and increasing, with doses of or and grain. 

Protein-shock therapy is helpful when irido-cyclitis fails to improve 
under usual treatment, in traumatic cases with perforation, and as a 
preventive against sympathetic irido-cyclitis. It may consist of intra- 
muscular injections of horse serum or sterile milk, with a first dose of 
5 c.c. and subsequently doses of 10 c.c. given on the first, third, seventh, 
and twelfth days after injury. Except after the first injection, no 
appreciable febrile reaction follows if the injections are given on 
alternate days. 

The recent introduction of the sulphanilamide group of substances 
in the treatment of septicaemia and of autogenous infections generally 
promises to open a new field in the treatment of irido-cyclitis. Already 
experience has shown remarkably rapid and complete recovery in cases 
of uncertain but endogenous aetiology. Although it is too early as yet 
to kuow what compound of this nature will prove most efficient and 
least toxic, it may be remarked that so far sulphanilamide, uleron, 
and soluseptasine have given satisfactory results : M &: B 693 is par- 
ticularly effective in pneumococcal infections. Care must be taken to 
ensure a sulphur-free diet for forty-eight hours prior to and during 
the use of these drugs. Dosage consists of oral administration of 5 
grams in the first twelve hours and then 1 gram four-hourly for four to 
five days. A further course maybe given after a week’s rest, but careful 
watch must be kept against the occurrence of polyneuritis. It is not too 
much to hope that this method of treatment will eliminate the present 
practice, of doubtful value, of antituberculous treatment so frequently 
given in cases of unknown aetiology and will stimulate a more rational 
approach to the treatment of endogenous irido-cyclitis in combination 
with closer attention to bacteriaemia. 

Local operative procedures undertaken for the relief of secondary 
glaucoma are designed to assist drainage from the anterior chamber 
and to remove gelatinous exudate or to break ring synechiae. The 
simplest operation is paracentesis of the anterior chamber, which may 
be repeated several times if carefully done. Operations on the iris 
include a four-puncture iridotomy for iris bombe and a broad iridectomy 
for seclusio pupillae and secondary glaucoma. 
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{d) Choroiditis 

Acute suppurative choroiditis or panophthalmitis is usually due to Pamphthal- 
pyogenic infection from septic perforating wounds of the globe. The 
infection spreads rapidly and converts the eye into a bag of pus. The 
lids are swollen and oedematous, lacrimation is profuse, supra-orbital 
pain intense, the conjunctivae are oedematous, conjunctival and ciliary 
vessels are extremely congested, the cornea and aqueous are cloudy, 
hypopyon may be present, the lens is oedematous, and the vitreous 
opaque and greyish. Panophthalmitis may also occur in acute endo- 
genous infections by metastasis, especially in pneumonia and meningitis. 

Treatment consists in excision of the eye or, in cases in which the Treatment 
globe has ruptured or is likely to rupture, in evisceration. Untreated 
cases result in phthisis bulbi. Sympathetic ophthalmitis does not occur 
in association with a frank panophthalmitis but may follow incomplete 
evisceration of an eye with retention of fragments of uveal tissue. 

Acute localized metastatic choroiditis presupposes a bacteriaemia or Metastatic 
pyaemia. The area of infection shows leucocytic infiltration and is 
surrounded by an area of hyperaemic reaction. In the subsequent 
atrophic stage there is a central pale area of absorption of choroidal 
tissue and of the overlying pigment epithelium of the retina, surrounded 
by a ring of excessive choroidal pigmentation derived from the region 
of reaction. In later years these choroidal pigment cells tend to migrate 
into the overlying retina, which is also involved in the inflammatory 
process. 

In the acute phase loss of vision, due to the presence of cells in the Clinical 
vitreous or of involvement of the macular area, is the main symptom 
and this reaches its height in a week or more. In rare instances dull 
supra-orbital pain may occur, but otherwise symptoms are absent. 
Externally the eye appears normal but ophthalmoscopy shows a haze 
of cells in the vitreous which may entirely obscure the details of the 
fundus. When the choroiditis is visible it appears as a slightly raised 
yellowish area with an indefinite fluffy outline. The choroiditis may 
be present as a single area or as numerous areas in different stages of 
progression (see Plate XII, d). The disease tends to pursue its course to 
a conclusion determined more by the local reaction in the choroid than 
by any form of treatment, and leaves areas of local atrophy, the position 
of which in the fundus governs the effect on visual acuity (see Plate 
XII, e). Unless the macula is involved recovery of vision is good and 
often complete in acute cases, but in chronic cases vitreous opacities 
may be permanent. Recurrent cases and those of chronic type associated 
with cyclitis carry a worse prognosis for vision. 

Miliary tuberculosis sometimes produces choroidal metastasis. The 
condition is seen only in the late stages of the disease after the onset 
of meningitis. Conglomerate tubercle of the choroid is rare and appears 
as a raised whitish mass projecting into the vitreous and covered by 
the retina. Diagnosis must be made from sarcoma of the choroid. It 
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occurs in children only (Wolff). Small daughter tubercles may be seen 
closely clustered around the main mass. Solitary central choroiditis is 
usually tuberculous (Verhoeff), occurs at an early age, and is almost 
always unilateral. The acute stage shows a non-pigmented oedematous 
patch with dense vitreous opacities; in the atrophic stage there is a 
central atrophic patch at the posterior pole with a surrounding ring of 
pigmentation. Daughter foci sometimes arise close to the parent focus. 
The atrophic or obsolescent phase must be distinguished from familial 
macular coloboma (see p. 496) but is characteristically unilateral, 
slightly eccentric, and sometimes shows secondary foci, a familial 
incidence being absent. The condition is sometimes a manifestation 
of congenital syphilis. 

Irido-cyclitis and choroiditis in a chronic relapsing form, with subacute 
exacerbations, may be associated with foci at the posterior pole and 
with perivascuhtis of the retina; these cases are probably tuberculous 
and do not respond favourably to treatment. Disseminated choroiditis 
may be tuberculous, but is usually syphihtic. Pseudoglioma in prenatal 
life or infancy may follow diffuse tuberculosis of the choroid and 
retina with secondary degeneration of the vitreous. The vitreous 
becomes converted into an opaque greyish-yellow mass. The globe is 
smaller than its fellow and shows early signs of shrinking. The diagnosis 
is from glioma of the retina (see Retina Diseases, Vol. X, p. 628). 

Syphilitic Congenital syphilis presents two pictures: (i) that known as ‘pepper 
and salt’ fundus consists of numerous minute areas of pigmentation 
interspersed with pale or yellowish areas distributed more noticeably 
peripherally; (ii) disseminated choroiditis, which appears in the acute 
stage as small yellow fluffy patches, and in the atrophic stage as 
irregular patches of varying size, usually separate but sometimes con- 
fluent, scattered all over the fundus (see Plate XII, e). In old-standing 
cases the choroidal pigment migrates into the retina and may lie in 
front of the retinal vessels and cause confusion with retinitis pigmentosa 
(see Vol. X, p. 626) since there is also some degree of optic atrophy. 
Involvement of the macula seriously affects visual acuity whereas 
involvement of peripheral areas impairs the field of vision. 

Of indefinite Anterior choroiditis, though by some considered tuberculous, is of 

aetiology unknown aetiology and forms a clinical entity of importance since 
cychtis often co-exists. These cases resist all forms of treatment, and 
the prognosis for vision is grave, particularly in cases with rheumatoid 
arthritis or osteoarthritis. Such cases of a quiet chronic cyclo-choroiditis 
may be complicated by slowly progressive optic atrophy, and finally 
vision may be totally lost and the vitreous be gradually filled with 
organization of transuded leucocytes. 

Complications The complications of choroiditis chiefly consist of extension forwards 
to the ciliary body and iris, and inwards to the retina and vitreous. 
The former have been dealt with under iritis and cyclitis (see pp. 501 
and 504). Any acute choroiditis involves some change in the overlying 
retina if the lamina vitrea is broken, and degeneration of the retina may 
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become extensive. A serons exudate may cause detachment of the 
retina characterized by the presence of a definite vitreous haze, the 
absence of retinal holes, and its unsuitability for operative treatment. 

Involvement of the vitreous (hyalitis) may produce permanent opacities 
with loss of vision, secondary cataract, vitreous abscess (endophthal- 
mitis), or lowered tension of the eye in the stages of organization. Thus 
the prognosis as regards vision varies with the site of the lesion, the 
degree of vitreous involvement, and the incidence of complications, 
such as detachment of the retina, cataract, and optic atrophy. Most 
acute simple cases, secondary to such conditions as focal sepsis, give 
an excellent prognosis for vision. 

Vitreous haemorrhage is easily confused with the haze from choroid- Diagnosis 
itis, but the opacities are larger, more irregular in shape, and less evenly 
distributed in the vitreous. The age incidence of vitreous haemorrhages, 
except in diseases of the blood-forming organs and Eales’s disease, 
is 55 years and onwards whereas choroiditis usually occurs between 
10 and 35 years of age as an initial attack. 

Acute retrobulbar neuritis occurs in young adults, more often women, From acute 
and rapid loss of vision is the prominent symptom. There is, however, retrobulbar 
a central scotoma, and rarely some swelling of the optic disk, but the 
choroid is normal and the vitreous clear. Recovery of vision is spon- 
taneous and often complete, but some years later the full picture of 
disseminated sclerosis develops in most cases. 

Familial macular coloboma simulates solitary obsolescent macular From other 
choroiditis (see p. 496). Conglomerate tuberculosis may be confused 
with new growth of the choroid or retina and with Coates’s disease, 
and old cases of atrophic disseminated choroiditis resemble retinitis 
pigmentosa. 

The treatment of choroiditis is that of uveitis as a whole, but the local Treatment 
treatment is insignificant compared with the treatment of the underlying 
general disease or focal sepsis. Locally acute cases are treated by rest, 
atropine, and heat, and many cases of unknown aetiology respond 
well to injections such as tuberculin and neoarsphenamine. Pan- 
ophthalmitis is treated by excision or evisceration as circumstances 
allow, and in cases of conglomerate tubercle and phthisis bulbi the 
eye should be removed. In cases of pseudoglioma the eye is sometimes 
left for a while to assist the proper development of the orbital cavity 
but should ultimately be excised. 

(1)— Iris 4-TUMOURS 

Benign 

1593.] Tumours of the iris include the small melanoma, a congenital Melanoma 
spot or spots of pigment-accumulation forming a small velvety mass 
projecting from the anterior surface and not demanding any treatment 
other than periodical observation lest malignancy should develop. 

Angioma may be part of a wider angiomatosis, which appears as Angioma 
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tortuous vessels especially in the region of the two arterial circles. In 
rare instances there is a congenital and hereditary form of multiple 

Zvsts cysts formed in the posterior pigmented epithelium. The commonest 

cyst in the iris, however, is an epithelial inclusion following perforating 
trauma. Leiomyoma is rare. 

Malignant 

Sarcoma The commonest malignant tumour is a congenital mole which becomes 
an active sarcoma. If seen sufficiently early, excision by a broad 
iridectomy is often successful; later cases may require excision of the 
eye. Primary sarcoma of the iris stroma is rare. On the other hand the 
iris is not uncommonly involved in extension forwards of melanoma 
of the ciliary body. 


(2) — Ciliary Body 

Rare types Fibroma, myoma, angioma, and adenoma of the ciliary epithelium 
Maligimnt have been reported but are all very rare. Malignant melanoma occurs 
melanoma primarily in the ciliary processes or in the choroid just behind. Extension 
may be forwards into the iris or the angle of the anterior chamber, 
backwards into the choroid and retina, or outwards through the sclera. 
In the anterior chamber the black streak may simulate iridodialysis 
but is dull to transillumination, and in the sclera a small black patch 
may attract attention. The growth is most often discovered during 
routine ophthalmoscopy when it appears as a black hemispherical mass 
projecting into the vitreous, and is best shown after dilatation of the 
pupil. Ultimately fungation into the orbit may occur. The age incidence 
is usually between 30 and 60 years. Glaucoma and secondary cataract 
are the commonest complications. The morbid anatomy, prognosis, 
and treatment are the same as for melanoma of the choroid. 


Plexiform 

neuroma 

Angioma 


Sarcoma 


Histology 


(3) — Choroid 

Benign 

Plexiform neuroma is sometimes congenital and then the eye is always 
buphthalmic (congenital glaucoma). Angioma is also congenital and 
usually associated with facial naevus flammeus. The growth is broad, 
flat, and situated at the posterior pole. Vitreous haemorrhage and 
secondary glaucoma, resulting from mild trauma, draw attention to the 
condition. Secondary cataract supervenes in some cases. 

Malignant 

Melanoma of the choroid is the commonest primary intra-ocular 
growth, is most often situated in the anterior half of the choroid and 
more rarely at the posterior pole, and appears as a dark-grey smooth 
rounded mass carrying the retina forward and projecting into the 
vitreous (see Plate XII, f). It is dull on transillumination. A small serous 
detachment of the retina is often seen below it. The growth consists of 
whorls of closely packed cells with a variable degree of overgrowth of 
pigment cells; large growths often show extensive degeneration. Signs 
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and symptoms are few. Loss of vision or metamorphopsia is due to Signs and 
detachment of the overlying retina, or to vitreous haemorrhages 
which may obscure the growth ophthalmoscopically, or to secondar^^ 
cataract. Pain may occur during acute glaucoma, which is not an 
uncommon complication, and is often the presenting feature. Too often 
signs and symptoms are absent until late. Ultimately spread through 
the sclera, involvement of the orbit, and fungation occur with proptosis, 
haemorrhage, and metastases. Clinically the condition has four stages: Clinical 
(i) intra-ocular, which is symptomless, (ii) glaucomatous or detach- 
ment of the retina, (iii) perforating, and (iv) metastatic. Metastases, 
however, may occur early from involvement of the venae vorticosae. 

In clinical stages (i) and (ii) the prognosis after excision of the eye Prognosis 
is generally good, and in stages (iii) and (iv) the expectation of life 
is about two years but much longer latency has been recorded. The 
differential diagnosis is from massive choroidal haemorrhage, vitreous Diagnosis 
haemorrhage, and other forms of retinal detachment. 

The treatment in stages (i) and (ii) is by immediate excision of the Treatment 
eye with as much of the optic nerve as possible. Stage (iii) demands 
exenteration of the orbit followed by deep X-ray therapy. If the orbital 
bones are not involved immediate skin grafting of the cavity should be 
done. In stage (iv) the only treatment is by deep X-rays and palliative 
measures. 

Leuco-sarcoma occurs rarely in adults and mainly in the posterior Leuco- 
half of the choroid. It presents few signs and symptoms apart from 
loss of vision and metamorphopsia. The differential diagnosis is from 
conglomerate tuberculosis and from localized degeneration of choroid 
and retina such as senile exudative retinitis. 

Flat sarcoma occurs rarely as a pale fiat mass at the posterior pole. Flat sarcoma 
The diagnosis is from secondary carcinoma. The treatment of the 
above two conditions is the same as for melanotic sarcoma. 

Metastatic carcinoma appears as a fiat, yellowish, progressively Metastatic 
enlarging mass at the posterior pole or near the optic disk. The primary 
tumour is most often in the breast, but occasionally in the stomach, 
bronchus, colon, thyroid, or uterus. Failing vision due to detachment 
of the retina is the sole symptom at first but later pain and glaucoma 
may be present. Differential diagnosis is from fiat sarcoma of the 
choroid and retino-choroidal exudation at the posterior pole. Treat- 
ment is excision of the globe or the application of radon stitched onto 
or into the sclera. 


5 -DEGENERATIONS 

1594.] Degenerations of the uveal tract affect principally the choroid. Myopic 
In high myopia stretching and thinning of the coats of the globe occur, 
confined chiefly to the posterior half and resulting in degeneration 
of the choroid. Areas of atrophy are seen at the posterior pole or 
around the disk and tend to extend slowly with the increasing myopia. 

E.M, VOL. xn 2 L 
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Involvement of the macula results in posterior staphyloma, in degenera- 
tion with pigmentary disturbance, in haemorrhage, or in atrophy (see 
Plate XII, g). Vision becomes progressively or suddenly worse and more 
difficult to restore with glasses. Retinal degeneration (see Vol. X, p. 630) 
commonly co-exists. Drops of solution of adrenaline hydrochloride 
1 in 10,000 to 1 in 6,000 twice a day may help to check the progress of 
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the condition. 

Degenerations of the lamina vitrea produce clearly defined yellowish 
patches of varied shape and size distributed in the posterior pole and 
around the disk. They are of uncertain, though possibly indirectly of 
vascular, origin, and do not require any treatment. Colloid bodies 
(Drusen) may be seen around the disk as yellow bud-like spherical 
excrescences of the lamina vitrea. Tay's choroiditis appears as minute, 
dull-yellow, punctate thickenings at the posterior pole and occur in 
the aged. Doyne’s honeycomb choroiditis consists of yellowish-grey 
rounded or hexagonal areas with intervening streaks of pigmentation, 
is macular in distribution, and familial in incidence. 

Sclerosis of the choroidal vessels in the macular area produces an 
appearance of thick grey streaks accompanied by dusty pigmentation, 
at the posterior pole. The condition is often associated with retinitis 
circinata (see VoL X, p. 631) which may also be in part choroidal in 
origin. Hole at the macula may follow thrombosis; in the first stages 
a ring of oedema and haemorrhage surrounds the fovea. These undergo 
absorption and leave a clear punched-out hole with some surround- 
ing pigmentary disturbance. Arteriosclerosis of retinal and choroidal 
vessels is constantly present. 

Defective choroidal circulation in the intermediate and peripheral 
zones is found in retinitis pigmentosa (see Yol. X, p. 626) and is held 
to be a contributory factor, though the essential lesion appears to be 
retinal. Concentrates of vitamin A given sufficiently early may be of 
value as a preventive. 

Choroideraemia is a condition of acute atrophy of the choroid 
occurring in middle age and rapidly involving the whole choroid except 
the macular area. The condition is of unknown origin but appears to 
be an essential capillary atrophy. A familial incidence has been recorded. 
Treatment is ineffective. 
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1595.] Va ccinia is due to in fection by the Virus vacc iniae, a v irus closely Relation to 
linked to^ an d probably & m odified form of, tSevirus of smalP”®'’^'^" 
pox, such modific atioPv however, being all importanf (see Smallpox, 
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Vol. XI, p. 272). Although infection of man by the Virus f^nolae is 
constantly associated with a generalized pock eruption, that by the Virus 
yacciniae is almost always—nttended only with the production of a 
localized pock eruption at the site ^inoculation. They vary, moreover, 
markedly in degree of infectivity. The Virus variolae can infect by 
aerial transmissiojtuas well as by contact; that of vaccinia infects only 
by actual transmission to an abraded dejpaai surface. The Virus variolae 
can be transformed by animal passage into the Virus vacciniae but the 
converse has never been done. 

Natural vaccinia or cowpox is now rare in England. Reece in 1921 said 
it was then non-existent but later in that year cases occurred in cattle 
and humans in Wiltshire. Isolated cases still occur; in Devonshire, in 
1933, a milker was infected and four cows were found to he recovering 
from a recent infection. 

The source of the infection in a herd has often not been discovered, 
although in some cases in the past variola among humans was stated to 
be the cause. Transmission from cow to cow in a herd is by the hands of 
milkers. 

In milch cows the eruption occurs round and on the udders and teats. 
Papules proceed to vesiculation but the surrounding induration may be 
intense, and deep-seated ulcerations may result from the vesicles. 
It is stated that the rash may appear in successive crops and that 
lesions in varying stages of development may be present at the same 
time. 

In man the initial lesions are found on the fingers and thumbs used for 
milking the infected cow, and infection may be spread by auto-inocula- 
tion. The type of vaccinia acquired by infection from the cow is more 
severe in an unvaccinated person than that occurring after vaccination 
with vaccine lymph. 

The onsetj§jjsttally sudden and characterize d by sore tfiroat, high fever, 
headache, and prostration. This usually occurs some ten days after th e 
inoculation. Lymphangitis and gla nduIaF l^ellings comm only .o ccur. 
Death has appagutly not been reported a s foll owing an infdSstion. 
Healing may be delayed andjieep ulcerations hav e been jieported, with 
slow recovery. In one case reported t o the M inistry of Health the r ash 
came out in successive crops and lesions were found in different stages 
of development. 


2.-YACCINATION 

It is bey ond the sco pe of this article jto co nsider the part .Dla ved-Jpv 
vac cinat ion in the prevention of smallpox. It will be su fficient tc uau-ote 
Blax all: Tt is recagni zed in aU civilized count ries thatj yaccinaiioruand 
revaccination at suit able interva ls afford a sure pr ojection, a gain s t 
smallpox and thiTTy no othermeans at present known can this be 
obtained.’ ~ 
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(1) — Defiaition 

Vaccination may be defined as the operative procedure by which the 
Virus yacdniae is communicated to man. 

(2) — Source of Ljinph 

This virus is contained in what is knowm as \'accine lymph, which is pro- 
duced from material obtained from the lesions produced on susceptible 
animals, most commonly young calves, by vaccinia. The vaccinal erup- 
tion on the shaved abdominal skin of these animals is. if satisfactory in 
nature, scraped off and ground up with a suitable quantity of diluent. The 
resultant mixture is called a lymph and at the outset it contains a large 
number of adventitious micro-organisms. S. Mdnckton&opeman in lS91 
drew attention to the value of glycerin in purifying such a lymph, as at suit- 
able temperatures it has a marked antibacterial action; its influence on 
the virus of vaccinia is much less marked. As a rule vaccine lymph is a 
mixture of vaccinal pulp (the crude vaccinal eruption) wdth glycerinated 
water with or wdthout some preservative. Sometimes the antibacterial 
purification is hastened by the> action of chloroform vapour or ether, 
for a short limited period, on the lymph. In all bacterial purification a 
watch must be kept that the effective potency of the lymph is not im- 
paired. All lymphs manufactured in or imported into Great Britain and Staiidard of 
Northern Ireland must comply with the standards of purity and potency 
laid down by the regulations made under the Therapeutic Substances 
Act 1925. The potency of vaccine lymph stored at temperatures from 
0° to 5° C. may be retained for three months; when stored at 5^ to 
10° C. the potency is retained for four weeks only; and when stored 
above 10° C. the potency cannot be assured beyond seven days. 

Vaccine lymph made from vaccinal eruptions on sheep is also used. Sheep lymph 

In recent years research has proceeded on the problem of obtaining a Cultivation 
lymph entirely free from adventitious organisms from the outset. The 
Virus yacdniae has been cultivated in \itro in association with living 
tissue-cells (embryonic chick or kidney) and on the embryonic mem- 
branes of living chicks. The results are promising but have not advanced 
yet to the stage of large-scale manufacture. There is also a possibility 
that the elementary bodies, the true virus bodies, separable by high- 
speed centrifugation or other means, may be utilized. These bodies, also PascheiCs 
known as Buist or Paschen bodies, are minute round coccoid bodies 
approximately 0*2/z in diameter. Their specificity has been demon- 
strated. 

(3) — Operative Procedure 

The skin at the selected site, usually on the left arm over the insertion Choice and 

of the deltoid muscle, is cleansed, dried, and well rubbed with alcohol of 

site 

which is allowed to evaporate. Vaccination on the leg cannot be recom- 
mended in the adult or the infant as there is more probability not only 
of severe local reaction but also of secondary infection. 
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The ends of the capillary tube containing the lymph are broken off, and it 
is advisable to pass through a flame from a spirit lamp for a brief instant 
that end through which the lymph is to be expelled. Care must be taken not 
in any way to heat the lymph and the end must be allowed to cool. The 
other end is introduced into the rubber ejector. One or more incisions not 
more than i inch long should be made in the long axis of the arm. These 
incisions (scratches or scarifications) should be so superficial that the epi- 
dermis only is penetrated and should draw no blood or only the very slightest 
trace of blood. Cross-scarification or hatching should not be used; it produces 
an unnecessary degree of injury to the skin and this may facilitate subsequent 
accidental contamination by micro-organisms. Its practice by public vac- 
cinators is forbidden by the Vaccination Order of 1930. The incisions can be 
made either by a sharp scalpel or by a needle efficiently sterilized, for example 
by flaming, and allowed to cool. The lymph is driven out of the tube by slow 
and steady pressure on the rubber ejector. The lymph may be lightly applied 
by the scalpel after the incision is made or the incision may be made through 
a drop of the lymph previously applied. It is not advisable to rub the lymph 
into the wound vigorously as it is said to increase the severity of the local 
reaction. At every stage thorough aseptic precautions must be taken. 

The important points in the after-care are cleanliness and avoidance of 
mechanical injury by sleeves or shields. The lymph should be allowed to 
dry on the arm and, if a dressing is put on, it should be a layer of sterile 
gauze fastened by tapes and renewed when necessary. Crusts should 
be allowed to dry and fall off naturally. The vaccinated arm should 
be rested after the development of the papule as much as possible, 
especially in adults; this will lessen the local reaction. The arm in 
primo- vaccinates should be inspected on the seventh to tenth day and in re- 
vaccinates on the third or fourth day and if necessary again later. Public 
vaccinators are required to inspect results not earlier than the sixth day 
or later than the fourteenth day. The Committee on Vaccination (1928) 
recommended two inspections, the first from the seventh to the tenth 
day and the second from the fourteenth to the seventeenth day. 

Two other methods of vaccination are recommended by the Com- 
mittee on Vaccination (Ministry of Health) 1928 but we have no 
personal experience of them: (i) the multiple pressure method; for a full 
description of this consult the report by Leake, 1927; (ii) the drill 
method, using a sterile chisel having an edge not more than inch long 
which removes only a superficial epithelial cuticle. 

The number of insertions or incisions must be left to the discretion of 
the vaccinator or of the vaccinated person or his guardian. It is the advice 
of the Minister of Health (1929), as conditions are at present, that in 
most cases one insertion will suffice, but that when maximal protection 
is desired, as when variola major threatens, more than one can be made 
up to a total of four, which should not be exceeded. In such cases the 
insertions should be spaced sufficiently far apart, not less than -I inch, 
to avoid the risk of the resulting vesicles coalescing. For such maximal 
protection three or four insertions are better than two. 

Primary vaccination should, by choice, be performed between the 
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second and sixth months after birth. It is inadvisable to vaccinate earlier 
than the second month although this is practised in some qua rter ^ as 
such infants do not the vaccinatioST so weTTas olde r on es. TEs ^ 
fact is usually ascribed to some residual transm itted mat eraali mmunit>\ 

In any case infantTmay Be expecxeS to resist better any untoward 
complica^tons from without. ^ ^ 

Children in a febrile stateT or those who suffer from any irritation of 7 
the bowels or unhealthy Jfate of the skin, particularly an eczematous "7/ 
condition, should not be vaccinated until their health has improved. ^ 

It is important to see that the housinf^ndition is satisfactory and, in 
the absence of smallpox, vaccination should be refused during tB^ocal 
prevatence of sucfTinfectious diseases as measles, scarlet fever, diph- 
theriaTerysipelas, and poliomyelitis and other acute nervous ailments. 

In 1929 the^Minister oF HealthTTecognizing that po^- vaccinal en- Primary 
cephalitis occurred mainly among children of school ag e amd adults 
after primary vaccination, advised that it wasn^T^nerally expedient at 
pres^Tto press foTthe vaccination of persons of thesg'”^s whcfMd not ^ 
been previously vaccinated unless they had beenjn^c^tact with a case 
of smallpox or otheirose directly exposed to infection. Were there any 
danger of an^pidemic of variola major, this precaution would have to be 
dispensed with in face of the graver menace. 

(4) — ^Revaccination 

It was suggested by the Committee on Vaccination (1928) that infantile 
vaccination by one insertion should be follo wed by revaccin ation on 
entering school (at 5 to 7 years of age) and again on leaving school 
(at 14 to 167Sm?orage)rthe reaction to revaccination in most of such 
cases may be expected to be slight. If the infantile primary vaccination 
has been by three or four incisions revaccination can, in our opinion, be 
safely deferred till 'me age is 10 toT!2 years. This decision depends on Duration of 
the duration of the immunity afforded by the primary vaccination, 
and opinion varies on this point. By those interested the Report of 
the Committee on Vaccination (1928) and the Bulletins of the Office 
International d’Hygiene Publique (1934 and 1936) should be consulted. 

Some authorities believe that evidence points to the j>rotecti on given by 
infantile vaccination persistmg in some degree throughout life, but others 
that effective immunity lapses STSTa few years. 

(5) — ^The Development of Vaccinia on the Dermis 

This differs according as the vaccination is primary or is a revaccina- 
tion, the degree of difference depending on the amount of residual 
immunity in the latter. The less the immunity left in a revaccinate the 
closer does the course of development approximate to that of a primary 
vaccination. 

(a) Normal Development in Primary Vaccination 

The incubation period lasts about three days during which as a rule 
nothing is observed except in persons susceptible to trauma, when the 
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initial slight redness and oedema subside within a few hours. At the 
end of the third day, or on the fourth, elevated red papules surrounded 
by a narrow areola of hyperaemia develop along the site of the inocula- 
tion. From the fifth day a process of vesiculation begins, completed 
usually on the seventh day, when the shiny pocks contain a clear fluid. 
These, which at first are plump, become depressed in the centre, and by 
the ninth day become pustular. Further flattening occurs and a scab 
forms from the eleventh day, the colour changing from yellow to form 
a dark brown crust; this crust detaches itself from the sixteenth day 
onwards, leaving a slightly depressed scar. The areola increases until 
the tenth day and subsides as the pock dries up. The areola round the 
pock varies from ^ inch to 2 inches in diameter and is associated with a 
varying amount of oedema and induration. It is a local reaction to the 
developing virus and with lymphs of moderate potency as a rule gives' 
little trouble. The degree of the reaction probably varies with the 
susceptibility of the patient. 

Constitutional symptoms also vary in degree. A slight rise in tempera- 
ture may be noted from the third day but clinical appearances of pyrexia 
are not apparent till the fifth day. Usually there is some malaise con- 
current with the rise in temperature and there may be some headache, 
backache, and pain over the splenic region and in the throat occasion- 
ally. The fever reaches its maximum on the eighth day. The abdominal 
pain is associated with enlargement of the spleen which occurs with some 
frequency and reaches its maximum usually on the eighth day. Pain in 
the axilla on the same side as the vaccinated arm, due to enlargement of 
the lymphatic glands, is common. 

{b) Normal Development in Revaccination 

The development and regression in a revaccination vary with the 
residual immunity. In persons who have been successfully vaccinated 
within a few years or who have had an attack of smallpox, i.e. in persons 
in whom there is a good residual immunity, revaccination is usually 
followed by redness and swelling, reaching a maximum within 48 hours, 
which may disappear within four days. Vesicles are rare and regression 
to normal takes place without scar formation. A brown stain on the 
skin may be the only evidence left of the revaccination. In others who 
have been vaccinated for the first time at a more remote date, or in 
whom for some reason immunity, though present, is not so pronounced, 
a reaction occurs which has been denoted as Vaccinoid’. Compared to 
a primary vaccination, this is modified in severity, appears earlier, and 
runs its course within a shorter period. Vesicles may be small and 
aborted. 

Genprall^Hn all r^.y^^rpinaiPQ vesi cle, pustule, and crust form ation occur 
earlier than in primo-vaccinates. The areolar blush and oedema are 
also less and sub side earlier. A , revacci n ation showing papule formation 
with areola, or vesicle For mation, may he regarded as a success and 
re-establishes protection against smallpoZ ’ 
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(6) — Abnormal Results of Vaccination 

Attention will here be directed to such abnormal results as occur in 
practice at the present time with the use of vaccine lymph. Early text- 
books are full of discussions which happily need not now be considered, 
such as allegations of the occurrence of post- vaccinal syphilis and tuber- 
culosis. 

(a) Septic Infections 

In the service of the Government Lymph Establishment from 1931 to Incidence 
1937 in almost one and a half million vaccinations reported upon, 
complaints of pyogenic inflammatory conditions such as cellulitis and 
septicaemia have been of the greatest rarity and in not one case was a 
causal part attributable to the lymph. If the vaccination is carried out in 
an aseptic manner and if the vaccinated person is in a healthy state and 
the surroundings (house and condition of other inmates) are satisfactory 
there should be no fear of pyogenic complications. Impetigo or other 
source of septic infection in other members of the family has been known 
to cause sepsis in the vaccinated person. Precautions must be taken to 
guard the vaccinal lesion from outside infection or interference. 

{b) Severe Local Reactions 

Severe local reactions resulting in an extension of the areolar blush Extension of 
and of the induration undoubtedly occur, but with comparative rarity, 
and subside from the tenth day onwards. Complaints of this nature 
reported by public vaccinators during three years 1934 to 1937 varied 
from 1 in 3,056 vaccinations to 1 in 3,244. The condition can probably 
be attributed to hyper-susceptibility: a parallel condition is seen in 
animal inoculation. It occurs more rarely in infant vaccinations and 
more often after the primary vaccination of adults. Evidence indicates 
that it occurs with greater frequency after the use of the more potent 
lymphs. 

In some countries complaints have at times been made that, at the Necrosis and 
site of inoculation, areas of necrosis or deep ulceration with delayed 
healing developed. This is in our experience very rare; in fact in 
more than one million of reported vaccination results we can only 
recall one or two complaints of this nature. The freedom from such 
a condition in any severe degree may possibly be attributed to two 
causes: (i) the strain of the vaccinia virus, and (ii) the fact that most 
primary vaccinations in Great Britain are in infants. It may perhaps be 
expected that, if a large number of adults are vaccinated for the first 
time in the event of an epidemic, there may be an increase in the occur- 
rence of such conditions. Apart altogether from the fact that adults 
take vaccinia more severely, they are more liable to such factors as 
trauma, contamination by dirty sleeves, and stasis of vessels due to the 
dependent position of the arm. 

Very occasionally supernumerary vesicles appear round or near the Super- 
site of inoculation; they may show immaturity in development. The 
condition may possibly be attributed to spread by lymphatics in cases 
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in which it is fairly certain that there was no auto-inoculation and the 
skin was healthy. 

Spread by auto-inoculation (scratching) can and does occur occasion- 
ally. 

(c) Rashes 

Various rashes are occasionally present during the developing stage of 
vaccinia. An urticarial eruption may occur, usually on the first or second 
day. An erythematous rash is sometimes present, usually from the seventh 
to the tenth day in a primary vaccination. A morbilliform eruption is 
perhaps the most common and is usually seen from the seventh to the 
tenth day after vaccination. It is more copious on the limbs than on 
the trunk and more rarely invades the face. This differentiates it from 
measles. 

We believe that a rash of any severity would be reported by public 
vaccinators, and if this is so the incidence of such rashes may be taken 
to be 1 in 6,000 to 1 in 9,000 vaccinations. The analysis of complaints of 
local reactions and rashes received from public vaccinators in England 
and Wales has been made by Mr. W. Pulley of the Government Lymph 
Establishment. This complication, at all events in any severe form, is 
then also rare, as these figures were taken from an analysis of over one 
million recent vaccination returns. These rashes may be fairly attributed 
to individual susceptibility. In recent years no complaints have reached 
us of such severe general conditions as were formerly described under 
the titles of vaccinia haemorrhagica and vaccinia gangrenosa. 

id) Generalization 

Normal In every case of successful vaccination the virus is not confined to the 
oTvirus^^^^^^ inoculation but is distributed by the blood throughout the organs 

in varying degree. In normal vaccination, however, it does not produce 
any naked-eye evidence of its presence; it does not give rise to papules 
or vesicles, or macroscopic lesions within the internal organs. 

Abnormal By generalization in the clinical sense is denoted those extremely few, 
generalization generally mild but in some very rare instances grave cases, in which over 
part or the whole of the body there is a generalized vesicular rash, and in 
the graver instances the patient presents the aspect of a smallpox infec- 
tion. In fatal cases nodules or necrotic foci are found in internal organs. 
In the mildest cases a few vesicular elements occur in areas where no 
accidental infection from the site of inoculation can be suspected. It is 
not certain that some of the papular rashes may not be of this nature. 
Incidence It is, however, permissible we think to Emit the term generalized 
vaccinia to such cases as show some vesicular rash. The rarity of such 
cases can be judged from the following figures: for the five years 1st July 
1932 to 30th June 1937 in 1,026,588 reports of vaccinations sent in by 
the Public Vaccinators of England and Wales, fifteen cases and eleven 
doubtful cases were reported with one death, giving, if the doubtful 
cases are included, an incidence rate not exceeding 1 in 39,484 vaccina- 
tions and a death-rate of 1 in over 1 million. We believe that the condi- 
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tion is attributable to hyper-susceptibility of the vaccinated person. 

According to Tedder, Anders gave the following figures: 6 to 8 cases in 
500,000 vaccinations (Chaveau); 4 cases in 39,915 during 1888 to 1898 
and 3 cases in 170,576 during 1893 to 1897 (Haslund); 5 cases in 100,000 
(Voigt); 50 to 60 in 2,285,579 (Groth). 

When a generalized eruption appears in vaccinia, the constitutional Comparison 
disturbance accompanying it is less than in variola. Moreover the erup- canola 
tion appears earlier than in variola, usually between the tenth and 
twelfth day after inoculation. The papulo-vesicular rash has an appear- 
ance of immaturity even though some of the vesicles may become 
pustular. Although such an eruption appears to select the skin of the 
vaccinated arm more than other sites, its general distribution follow^s 
that of variola. 

(e) Post-Vaccinal Encephalitis 

Post-vaccinal encephalitis is rare. Symptoms appear as early as the 
second day after vaccination and as late as the fifteenth, the meap 
period being ten days. The onset is usually sudden and is characterized Clinical 
by pyrexia, headache, vomiting, and drowsiness. Some cases are mild. 

Others develop paralysis which is at first spastic but which may later 
become flaccid. The paralysis may be localized or extensive. Convulsions 
may develop. Death may occur in a varying proportion of cases, from Mortality 
50 per cent downwards, within two to six days. Those who recover 
exhibit, usually, no after-effects. Only some of the above symptoms may 
be present. 

The lesions in the nervous system (Turnbull and McIntosh; Perdrau) Morbid 
have, as their chief characteristic, perivascular softening and demyelina- 
tion. The vessels concerned are principally those of the white matter of 
the brain and cord. The lesions are often symmetrical. 

The disease first became known in 1922; it affected particularly Holland History of 
and, to a less degree, Great Britain. It has been the subject of much 
research, in Great Britain particularly by the Andrewes Committee of 
1923-5, the findings of which are embodied in the report of the Com- 
mittee on Vaccination, 1928, appointed by the Minister of Health. It was 
found that the condition was most common after primary vaccination 
of children of school age and of adolescents and was exceedingly rare in 
infants and in cases of revaccination. 

Both the British Committees and the Dutch investigators agreed that Hypotheses 
the association with vaccination was not fortuitous but that vaccinia of causation 
could not be held solely responsible. The nature of the association is 
still unknown. Most workers favour the hypothesis of the activation 
by vaccinia of some unknown neurotropic virus harboured, without 
arousing symptoms, by the vaccinees prior to vaccination. The disease 
was not associated with the use of lymph manufactured by any par- 
ticular institute or prepared in any particular way. 

From December 1922 till the end of 1929, 186 cases were recorded in Incidence 
England and Wales with 97 deaths, or 3 cases in 100,000 vaccinations. 
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According to the Annual Reports of the Chief Medical Officer of the 
Ministry of Health there has been a diminution of the incidence of this 
disease in recent years in England and Wales. In 1934, 5 cases were 
reported; in 1935, no cases; in 1936, 5 cases; in 1937, 5 cases. 

Greenfield considered that encephalo-myelitis following vaccination 
should not be regarded as a separate entity but should be grouped with 
forms which may follow other febrile illnesses. The lesions found in 
encephalitis following measles, smallpox, chicken-pox, and influenza are 
of the same histological nature (Perdrau and others). 

Treatment by the administration, as early as possible, of the serum of a 
vaccinated person (preferably recently vaccinated) or of an antivaccinal 
horse serum at present supplied by the Lister Institute, Elstree, Herts., 
may prove of use. Treatment by human serum, according to the Further 
Report of the Committee on Vaccination (1930), p. 67, was first adopted 
in this country by Horder (1929) on the advice of M. Gordon, and inde- 
pendently in Holland by Hekman. The Committee were of opinion that 
the cases cited by the latter supplied a powerful argument for the use of 
the human antivaccinal serum as a treatment which should be instituted 
at the earliest possible moment. The administration may be either by 
the intrathecal route, after allowing some cerebrospinal fluid to escape 
(Horder gave 5 c.c.), or by the intravenous route (reported doses 8 to 30 
c.c. repeated if necessary). The relief of cerebrospinal fluid tension seems 
important. If human serum is used, normal precautions should be 
adopted to see that the donor is not syphilitic. 
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1 -ANATOMICAL CONSIDERATIONS 

1596.] The veins form a system of thin-walled vessels conveying the 
blood from the peripheral capillary plexuses in the tissues to the heart. 
The circulation of the blood in the veins is maintained partly by 
differences in the blood-pressure, which is highest in the small veins 
at the periphery and lowest in the large veins near the heart, partly 
by the movement of the body tissues established by muscular action, 
and partly, in the systemic circulation, by a series of cusp-like valves 
which prevent regurgitation of the blood, that might occur in the 
limbs as the result of either the action of gravity or a sudden increase 
in the blood-pressure in the great veins near the heart. 

The vein wall of the smallest vessels consists merely of a sing le layer 
of endothelium. As the vessels become larger this is reinforced with 
an outer support of connective tissue, which in the larger veins is 
supplemented by elastic tissue and in the venae cavae by a certain 
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amount of unstriped muscular tissue; this, in the inferior vena cava, 
possesses the same power of rhythmic contractility as does the muscle 
of the right auricle of the heart with w^hich it has a common develop- 
mental origin in the sinus venosus. 

It is customary to divide the veins into four systems according to Systems 
their collective areas of distribution: namely, pulmonarv^, cerebral, 
portal, and systemic. The pulmonary venous system collects the Pulmonary 
oxygenated blood from the capillary^ plexuses among the alveoli of 
the lungs and delivers it into the left auricle of the heart through the 
pulmonary' veins. The veins throughout are very thin-waUed for their 
size and are without valves. 

The cerebral veins consist of a vast network of endothelial tubes Cerebral 
which receive not only the arterial blood from the cerebral tissues but 
also a certain proportion of the cerebrospinal fluid. They discharge 
into the great venous sinuses of the brain and thence through various 
foramina in the skull into the jugular veins and other superficial veins 
of the head and neck. Owing to their thin waUs^hhdr~pc)or external 
support they are particularly lia^ to bleed.jey^ly as the result of 
trauma of the skull and are the chief source ofmffacranial haemor- 
rhage in cases of fractured skull or concussion. These veins are also 
without valves. 

The veins of the portal system convey to the liver the products of Portal 
digestion as well as the water absorbed from the large intestine. They 
collect the blood from the capillaries throughout the intestinal tract 
and converge via the mesenteric veins to the portal veins of the trans- 
verse fissures of the liver. Just before entering the liver the splenic vein 
inosculates with this system. The portal vein breaks up into a mass 
of capillaries among the cells of the liver and the blood, from which 
the bulk of the food-products is removed, is collected into another 
capillary system whence it is conveyed through the hepatic vein into 
the inferior vena cava and so to the right auricle. The veins are valve- 
less and any increase of blood-pressure is reflected to the lowest 
branches around the anus and rectum, which become distended to 
form haemorrhoids or piles. (See also Vol. VIII, p. 91, and Vol. X, 
p. 503.) 

The systemic circulation returns the blood from the limbs, trunk, Systemic 
head, and neck through a system of veins, some of which are situated 
deeply among the muscles and others superficially in the deeper layers 
of the fatty subcutaneous tissue where they form a network visible 
to the naked eye except in very obese subjects. The smaller veins 
accompany the peripheral arteries and are usually two or three in 
number, intercommunicating freely and known as venae comites. The 
larger veins formed by the confluence of the venae comites and other 
vessels run independently but in nearly all cases alongside of the 
corresponding arteries and ultimately converge, from the head, neck, 
and upper extremities into the superior vena cava and from the lower 
extremities and portal system into the inferior vena cava, whence the 
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venous blood is poured into the right auricle of the heart to be pro- 
pelled through the right ventricle and pulmonary artery into the 
venous plexuses of the pulmonary system. 

Arranged throughout the veins of the systemic circulation are a series 
of bicuspid and tricuspid valves, usually situated in the neighbourhood 
of venous junctions. They are particularly common in the extremities 
where sudden increase of venous pressure from intra-abdominal or 
intrathoracic pressure and also the action of gravity against which the 
blood-stream is flowing have to be overcome. These valves act by the 
falling together of the cusps and obliteration of the lumen of the veins, 
thus preventing the reflux of blood beyond the valve. They may be 
seen in the superficial veins forming a series of knot-hke thickenings 
on coughing or exertion. Under certain conditions of stretching or 
inflammation of the vein wall or endothelium these cusps fail to meet 
and the valve then becomes incompetent and fails in its purpose of 
stopping the venous reflux — a condition commonly met in advanced 
cases of varicose veins and detected clinically by the presence of a 
reflex thrill down the whole course of the affected vein when the 
patient coughs or strains. 

The veins of all these systems are closely accompanied throughout 
their course by the lymphatic vessels draining the corresponding 
areas, and for this reason the groups of lymphatic glands are generally 
situated in the neighbourhood of important venous junctions such as 
in the groin, axilla, and root of the neck. This anatomical fact must 
be taken into account when dealing surgically with such affections of 
the lymph nodes as abscesses and explains the venous dilatation from 
congestion which is so common in conditions of enlarged lymph 
nodes, as for example mediastinal glands in cases of Hodgkin’s 
disease. 


2.--OBSTRUCTION 

Compensatory enlargement of minor veins follows an obliteration of 
any large vein resulting from either injury or inflammation. There is 
temporary embarrassment of the circulation in the limb, shown by 
cyanosis and pitting oedema of the part beyond the obstruction. This 
condition improves as a compensatory circulation is estabhshed by 
enlargement and development of other venous channels. This re- 
establishment of the circulation can be hastened by judicious active 
movement and massage which should be begun as early as possible 
after the obliteration. Where superficial veins are enlarged they become 
obvious as distended and tortuous vessels, the valves of which tend to 
become incompetent from the resultant stretching of their walls. They 
are, however, lined with normal endothelium and must not be mistaken 
for varicose veins, though in the course of time degenerative changes 
in their walls convert them into varicose veins. 

It is important in the early stages to realize these differences as 
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obliteration of these compensatory channels often causes permanent 
oedema of the limb and a lasting embarrassment of the circulation. 
Though surgical interference may be justifiable and necessary^ in the 
late stages when valvular incompetence has become permanently 
established, in the early stages all that is called for is massage and an 
elastic support, such as a suitable stocking or crepe bandage, which 
will enable the patient to get about without discomfort or swelling of 
the part while the circulation has a chance to become re-established, 
when the dilated superficial vessels will permanently return to normal. 


3 “VARICOSE VEINS 

This condition is undoubtedly hereditary and its incidence seems to Inheritance 
follow the Mendelian law^ The expression varicose veins usually 
denotes a dilated and tortuous condition of the systemic veins but 
varicosities occur in the portal circulation and haemorrhoids and 
varicose veins are often associated in the same person. As might be 
expected, gravity and the upright position render varicose veins far 
more noticeable in the lower extremities, and it is seldom that they 
are complained of elsewhere though undoubtedly the changes about 
to be described in the walls of the veins can be detected in vessels else- 
where in the body. 

The changes in the walls of varicose veins consist in an absence of Changes in 
elastic tissues and degeneration in the endothelial lining, with con- 
siderable perivascular fibrosis which increases with time so that the 
vessels become tortuous and dilated with rigid and thickened walls 
as the result of the dilatation. Irregular distension of the veins occurs 
in certain situations. The cusp-like valves become incompetent and 
allow reflux of venous blood on exercise with undue venous-pressure 
in the lower parts of the limb, the tissues of which consequently become 
cyanotic with impaired nutrition and therefore liable to infection and 
ulceration on very slight provocation. As the result of increased tension 
aching pain is often present, and the impaired circulation often results 
in pitting oedema at the periphery of the limb. 

These varicose conditions of the veins start in, and exist primarily in, 
the deeper veins of the muscles and bones of the limb and it is not 
until communications between the deep and superficial veins become 
affected and their valves incompetent that superficial varices become 
apparent ; varicose veins therefore are not usually noticed until adult 
life or until the strain of prolonged standing or pregnancy causes 
prolonged and undue pressure on the venous system of the lower 
limbs. The connecting veins between the superficial and deep systems 
of the lower limbs are situated at the saphenous opening, at the 
junction of the lower and middle thirds of the thigh, in the popliteal 
space, and at the junction of the upper and middle and lower and 
middle thirds of the leg on the inner side. The superficial varices 
E.M. VOL. xn 2 m 
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become manifest at these points in the first place, and are a most 
marked formation frequently observed as prominent masses of dilated 
veins. 

Undoubtedly in a few cases local trauma with its subsequent inflam- 
matory reaction leads to the development of a localized patch of 
varicose veins at some part of the limb, but these seldom spread or 
increase greatly unless there is a family history of varicose veins. 

A patient with varicose veins, especially if they are of the great 
saphenous type, must be carefully examined to ascertain whether a 
reflex thrill is present on coughing, indicating that valvular incom- 
petence is already present. Moreover, if such a thrill is present in the 
upper part of the great saphenous vein it must next be ascertained, by 
obliterating this vein in the middle of the thigh and again making the 
patient cough, if such a thrill can be detected below the communicating 
vein in the lower part of the thigh. If this is present, which it not un- 
commonly is in old-standing cases, it indicates that this communicating 
vein as well as that at the saphenous opening needs surgical attention. 
In only a very few cases can a thrill be detected below the knee when 
the saphenous vein is obliterated at that level, but its presence 
necessitates surgical intervention for obliteration of the vein below 
the communication in the upper part of the leg. It is important to be 
certain of the presence of valvular incompetence before deciding on 
the appropriate treatment. 

The modern treatment of varicose veins by obliteration of the lumen 
of the vessel by aseptic thrombosis produced by injection of some 
mild irritant is more than unlikely to be successful in the presence of 
valvular incompetence with reflux of blood. In cases in which a thrill 
can be detected it is advisable, and in the opinion of most surgeons 
necessary, to obliterate the veins at one or more places by ligation 
before success by injection treatment can be expected. 

The injection treatment of varicose veins consists in the introduction 
into the lumen of the vein of some mildly irritant substance which 
will produce not only thrombosis of the stagnant blood but irritation 
and granulation of the damaged endothelial lining with consequent 
fibrosis, narrowing, and obliteration of the lumen of the vein. Many 
substances have been used for this purpose and many techniques 
employed; the treatment has now been in use for approximately twenty 
years and has stood the test of time; its results are uniformly satis- 
factory if the method is employed in suitable cases and it has the 
advantage of allowing the patient to continue his vocation throughout 
the treatment. The risk of detachment of clot is extremely small but 
it does rarely occur and a few fatal cases have been reported. The 
results immediately lead, as has been stated, to obliteration of the 
venous circulation in that area and a compensatory enlargement of 
surrounding veins, so that a certain number of patients return for a 
recurrence; if all cases are carefuUy followed up it will be found that 
some 30 per cent of patients return in from one to five years for further 
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injections in these locally enlarged compensator}" veins injections 
which can be carried out with confidence and success. This rapid and 
aseptic thrombosis is produced more easily in varicose than in normal 
veins. By each injection several inches of vein can be obliterated and 
in cases which are not very extensive a course of several injections will 
produce great benefit. 

There appears to be no risk of embohsm so long as the resulting Embolism 
thrombus remains sterile, but it is an additional safeguard to make 
the injection with the patient sitting up and the leg straight out or 
hanging down, according to w'hich position enables the vein to be 
just visible, as when the patient is erect the blood in a varicose vein 
flow^s toward the periphery. 

Many solutions have been used for injection, all of which will effect Solutions usee 
a cure provided the fluid is injected into the vein and none escapes 
into the tissues around, an accident often resulting in sloughing of 
the tissues and ulceration. The following solutions can be used; all 
must, of course, be sterile: sodium salicylate, 20 to 40 per cent solution, 

1 to 3 c.c. for each injection; sodium morrhuate, 5 per cent solution, 

5 c.c.; sodium chloride, 20 per cent solution, 3 to 10 c.c.; dextrose, 

50 per cent solution, 5 c.c.; mercuric chloride, 1 or 2 per cent solu- 
tion, 1 to 3 c.c.; quinine hydrochloride, 5 per cent with urethane, 

2-5 per cent in saUne, 5 to 15 c.c.; or quinine hydrochloride 9 per 
cent solution, with 4-5 per cent of urethane, 1 to 5 c.c. After consider- 
able experience, the quinine and urethane solution is recommended. Choice of 
usually a 5 per cent solution of quinine hydrochloride with 5 c.c. as ^ 
the initial injection, the 9 per cent quinine solution being given only 
in those rare cases in which the 5 per cent solution fails to produce 
thrombosis. The injection is painless though some stiffness and dis- 
coloration occur locally in twenty-four hours, and the general effects are 
sUght and transitory; the reaction continues locally for about ten days 
and no second injection should be given anywhere until all tenderness 
on palpation has gone from the thrombosed area, usually fourteen days 
after the first injection. 

It is impossible to give a prognosis as to the results; in some patients Results 
the entire leg is cured by one injection, in others clotting occurs only 
for an inch or so; some veins clot completely and in others a small 
central canal persists with a thickened wall, so that the vein no longer 
bulges or shows. 

Certain cases are unsuitable for injection, e.g. (i) deep femoral throm- Contra- 
bosis and white leg, (ii) the acute phlebitis which often follows injury, 

(iii) pregnancy, as other veins appear subsequently and there may be 
a risk of abortion, and (iv) the presence of a Trendelenburg back- 
impulse on coughing; such cases never clot unless Trendelenburg’s 
operation for the ligature of the saphenous vein is first carried out. 

The patient sits with the leg either straight out or dependent so that the Technique 
vein just shows. The leg is then cleaned with 2 per cent solution of iodine in 
alcohol. Care must be taken to ensure that the needle is in the lumen of the 
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vein, by withdrawing some blood into the syringe. The injection in all cases 
should be made from above downwards starting with the hughest group of 
veins and 5 c.c. of quinine and urethane solution injected into one or more 
selected sites; the injected veins should then be firmly stroked a few times 
from the point of injection towards the periphery; this ensures a more 
extensive obliteration. A sponge is held over the puncture and a piece of zinc 
oxide plaster applied, or if the veins are large they should be bandaged to 
prevent a mass of clotted veins forming. The patient can then walk away and 
pursue his usual avocation. 

Whenever there is a thrill or impulse on coughing, and especially 
w^hen the varicose veins are confined to the great saphenous system and 
are causing pain from back pressure, Trendelenburg’s operation should 
be performed, and this is essential as a preliminary to injection in all 
cases in which such a thrill is present on coughing. 

This consists in ligature of the great saphenous vein and removal of a portion 
of it as high up as possible, and it is best to excise completely the saphenous 
pouch and the branches which enter it. By this means the back pressure 
from the big veins of the trunk is cut off. An incision two inches long should 
be made a finger’s breadth internal to the femoral pulse over the saphenous 
opening and running downwards and outwards. Through this the vein and 
its branches are isolated and tied in two places and portions of them are 
removed. Four separate branches will usually be found entering the saphenous 
pouch. Injection of the veins below can be carried out at the time of operation 
and subsequently during the patient’s convalescence. 

The presence of varicose eczema or ulceration in the lower part of 
the limb does not contra-indicate treatment by injection, though it 
may be difficult to ascertain the position of the veins above this area 
owing to oedema. In such cases it is well to apply a varicosan or elasto- 
plast bandage for a fortnight, and when it is removed the reduction 
in the oedema will enable the veins to be visualized so that they can 
be easily injected, a procedure which is rapidly followed by amelioration 
in varicose eczema and healing of ulceration. 


4.-VAIIICOCELE 

The aetiology of the varicose condition of the veins of the pampiniform 
plexus known as varicocele is often obscure though its more common 
presence on the left side of the body suggests that the right-angled 
opening of the left spermatic vein into the renal vein renders its radicles 
more liable to obstruction than the sloping opening of the right sper- 
matic vein into the inferior vena cava. The condition is undoubtedly 
aggravated in constipated individuals by the drag of the loaded sigmoid 
colon and rectum compressing and distorting the left spermatic vein 
as it crosses the pelvic brim just behind the pelvi-rectal junction. 

Varicocele may be secondary to new growths of either kidney which 
obstruct the venous return into the renal vein, or to carcinoma of the 
pelvi-iectal region causing similar congestion, and more rarely retro- 
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peritoneal teratomas or sarcomas may cause varicosity of one or both 
pampiniform plexuses. If a varicocele occurs on the right side it is 
probably due to a right renal growth. In every case therefore, especially 
when the onset of the varicocele is sudden, the urine should be examined 
for blood and the abdomen palpated carefully. Should one of these 
primary causes be discovered it obviously calls for urgent treatment, 
if possible by removal, when the secondaiy^ scrotal condition will 
improve. 

In most cases, however, unilateral varicocele, usually left-sided, exists idiopathic 
without any obvious cause, even constipation being absent, and in 
these cases it cannot be too strongly urged that no treatment is called 
for unless the condition is causing pain and discomfort. Unless the 
patient’s attention is directed to it and his mind disturbed by unfounded 
tales of the danger of impotence if the condition is left untreated, he is 
rarely troubled by its presence. 

Chnically the condition is easily recognized. It is usually unilateral Clinical 
and left-sided and the distorted, tortuous, and distended veins give 
a typical appearance, often likened to 'a bag of worms’ within the 
pendulous scrotum. The patients are often young, anaemic, and neurotic 
and complain of intense pain in the testis, abnormal sexual feelings, 
impotence, or asthenia. The testis is often smaller than the one on the 
opposite side and a small hydrocele may be present. Careful rectal and 
abdominal examination must be made to exclude the possibility of any 
organic lesion elsewhere, and the heart should be examined. 

In some few cases, especially in hot countries and in patients taking indications 
riding exercise, if the scrotum is pendulous, pain and a congested treatmen 
feeling result from exertion; in these circumstances, as also in candidates 
for the services in whom a varicocele may be used as a cause of malinger- 
ing, it is justifiable to interfere. 

In elderly patients all that is usually necessary is a well fitted net Suspender 
suspensory bandage to support the scrotum against the perineum; 
this need be worn only during the day and is a source of comfort to 
the patient. Suspensory bandages are not recommended for neurotic 
young men as their presence tends to concentrate the patient’s attention 
on his genitalia. In cases in which a suspensory bandage is ill tolerated, 
or in which the patient is a candidate for one of the services, operation Operation 
may be undertaken and the main mass of the pampiniform plexus 
ligated. Recently the injection of quinine and similar drugs has been injection 
successful in clotting the veins; but this treatment must be used with 
caution as some cases of sloughing of the cord have followed escape 
of the fluid into the connective tissues. 


5.-WOUNDS 

Contusions of veins result in most cases in aseptic phlebitis, but this Contusion 
may be converted into a septic phlebitis from infection transmitted 
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through the damaged overlying skin tissues. The treatment of these 
conditions is dealt with subsequently but is essentially rest. For the 
contusion, cold compresses or a dressing damped with evaporating 
lead lotion should be applied over the bruised area. 

Incised or punctured wounds of veins may result from accident, 
deliberate injury, or occur during venesection. Haemorrhage in a 
steady stream of more or less severity results, according to the size 
of the vein affected. Partial severance of a vessel is often followed by 
bleeding which will cease if the vessel is completely cut across. The 
blood emerges in a steady stream and is at first dark in colour but 
rapidly becomes oxygenated on exposure to the air. Except in the case 
of wounds of large veins, venous haemorrhage is seldom fatal as it is 
rapidly controlled; occasionally, especially in the case of wounds of 
the large veins at the base of the neck, air is sucked into the vein, 
and if this occurs in any great amount sudden death may occur from 
cardiac embarrassment following a churning of the air in the heart 
cavities. 

The treatment of venous haemorrhage is pressure distal to the wound, 
elevation of the part above the heart level, and application of a pad 
and bandage over the wound. Subsequent debridement of the wound 
with ligature of the damaged vessel must be carried out under aseptic 
precautions and a general anaesthetic is usually required. When it is 
suspected that air is being sucked into the wound a wet pad soaked 
with sterile fluid, e.g. saline, should be placed over the puncture 
immediately. The haemorrhage from ruptured varicose veins in the leg 
when the valves are incompetent is often alarming and occasionally 
fatal unless prompt treatment is carried out on the lines indicated. 

As a result of perforating wounds of veins, either by venesection or 
accident, a communication may be established with neighbouring 
arteries and an arteriovenous aneurysm result. Injuries of this nature 
were particularly common after gun-shot wounds in the war 1914-18; 
they give rise to a pulsatile tumour below which a tortuous and often 
pulsating vein can be detected though it may be masked by oedema 
of the limb. On auscultation over the tumour a characteristic buzzing 
bruit can be heard. In the acute stages considerable and sudden collapse 
may result from the sudden loss of a large quantity of blood from the 
circulation into the over-distended veins of the affected limb. When 
following a fracture of the anterior fossa of the skull behind the orbit 
this condition gives rise to one form of pulsating exophthalmos. (See 
also Enophthalmos and Exophthalmos, Vol. V, p. 47.) Treatment 
consists in ligature of both artery and vein above and below the 
tumour with, if possible, excision of the sac, except in the case of 
the post-orbital arteriovenous aneurysm when ligature of the internal 
carotid artery is the only treatment possible — an operation which is 
fraught with some risk of hemiplegia. 
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6~PHLEBITIS 

The formation of a clot in a vein usually follows trauma sufficiently 
severe to damage the wall of the vein without causing its rupture; 
should rupture occur escape of blood takes place into the tissues and 
a bruise results from the extensive extravascular clotting. Aseptic Aseptic 
phlebitis with the formation of a hard, localized, and adherent clot 
may be produced either by a blow or by an injection of sclerosing 
fluids into veins, the endothelial lining of which is degenerate or 
damaged, a similar trauma or injection producing little or no reaction 
in a normal vein. Septic phlebitis results from trauma and infection Septic 
and follows transmission of organisms through the damaged skin; 
this is particularly liable to occur with impaired nutrition of the 
tissues arising with varicosity of the underlying veins. The condition 
also follows childbirth or abdominal operations when infection has 
occurred. In these cases the iliac or femoral veins are commonly 
affected with resulting persistent and painful oedema of the leg — a 
condition known as ‘white leg’ (phlegmasia alba dolens), which pro- ‘ White leg' 
duces considerable disability and discomfort which is usually per- 
manent. (See also Puerperium, VoL X, p. 392.) In either case there 
is a hard painful swelling on the course of the vein over the thrombosed 
area, and bruising and discoloration appear in the surrounding tissues. 

In septic phlebitis suppuration may rarely ensue. 

In septic phlebitis there is a danger that portions of the loose clot may Complication 
be detached and carried into the circulation where they become arrested 
in the capillary plexuses, often in the lungs, giving rise to pyaemic 
abscesses the advent of which is heralded by rigors. In extreme cases 
pulmonary embolism may result in the rapid death of a patient or, 
more favourably, produce a pulmonary lesion with consolidation from 
which it will take a considerable time to recover. (See also Lung 
Diseases: Post-Operative Compucations, Vol. VIII, p. 241.) 

Aseptic phlebitis calls for no further treatment than for a few days’ Treatment 

^ of ClS€1)tlC 

rest with the limb elevated, after which, as with injection of veins, the phlebitis 
patient can resume his normal occupation, care being taken that further 
trauma is not incurred. Should oedema persist light massage is often 
beneficial. 

Septic phlebitis calls for more cautious treatment as clot is liable to Of septic 
be detached. The patient should be confined to bed with the limb 
elevated and if necessary slung for two to three weeks, i.e. until the 
temperature has been settled for at least seven days. After this the 
patient may be allowed to use the limb cautiously, if necessary with a 
crepe bandage support, but massage should be avoided for at least 
sis weeks. Any primary focus of infection must be sought and treated 
adequately, but not until the venohs thrombosis has subsided. 
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This is an interesting and, distressing condition of obscure aetiology, 
manifested by the appearance of recurrent thromboses in the super- 
ficial and deep veins all about the body; they are thought to be 
connected with some infective focus but this is often hard to find and 
may be impossible to demonstrate; but such sources as septic tonsils, 
infected nasal sinuses, chronically inflamed gall-bladder or appendix, 
and pyorrhoea alveolaris should be eradicated if definitely present, 
though operation in these cases is attended with a very definite risk 
of pulmonary embolism and spread of thrombosis, A similar condition 
occurs in cases in which, immediately after ligation of the saphenous 
vein, injections of varicose veins are carried out; not uncommonly this is 
ultimately fatal, so that it is unwise to perform these two operations 
at one sitting. The illness may last many months and is tedious and 
very debilitating but, except when the thrombosis affects deep veins 
in vital situations, is seldom fatal though persistent oedema of the limb, 
consequent on deep thromboses, may persist for several weeks after 
the patient has been convalescent. 

Treatment consists in rest in bed, but it is unwise to attempt to remove 
infective foci in the acute stage of the disease because of the risk of 
embolism mentioned above, and as a general rule no operation to this 
end should be undertaken for at least two months from the onset of 
the disease. 

Local treatment is that for thrombosis and phlebitis and consists 
essentially in the application of cooling lotions. As a general rule 
sulphanilamide is contra-indicated, as most of these cases appear to 
be staphylococcal in origin; if tried it must be used very cautiously and 
abandoned at once if no fall in temperature and general improvement 
result within thirty-six hours. 


7-TUMOURS 

Tumours of veins are rare. Sarcoma and endothelioma are occasionally 
reported as beginning in the lining of the larger vessels but are seldom 
diagnosed and are of merely pathological interest. Endothehoma and 
perithelioma occur round the smaller vessels and must be regarded 
merely as a mildly malignant sarcomatous neoplasm which is seldom 
diagnosed except on microscopy after removal. 

Haemangiomas are not uncommon and vary from spider-like capillary 
telangiectases to cavernous haemangiomas containing large spaces 
which may affect the entire limb. Not infrequently they communicate 
with the arterioles, and if this communication is free it may cause a 
pulsating cirsoid aneurysm. These cavernous haemangiomas may be 
associated with the formation of a considerable amount of fibro-fatty 
tissue in and around the distended venous spaces, and the skin over 
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tteni is sometimes markedly pigmented (nae\'iis). Tke tumours are 
usuaEy bluish and easily diagnosed. 

Treatment of capillar}' haemangiomas consists of the application of Imtmtof 
solid carbon dioxide or of radium or other means to promote coagula- 
tion.Thatof cavernous haemangiomas consists of excision if possible, Ofcmmus 
injection of boiling water into the vessels to procure obliteration, or 
injection of one of the sclerosing fluids already enumerated the result 
of which, however, is often disappointing as the endothelial lining of 
these tumours is normal (See also Vol !, p. 5I8.) 
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l.-DEFINITION 

{Synonym. — ^Barcoo rot; Natal sore; septic sore; desert sore; gifseer; 
lirandseer; dermatitis veldis) 

1597.] The name veldt sore has been given toanextremelychronicshallow 
punched-out ulcer occurring in the arms or legs of Europeans settling 
in tropical or semitropical countries. Its shallowness distinguishes it 
from tropical sore which invades deeply, and it differs from the common 
skin lesions in its extreme chronicity and resistance to treatment. 


2.-HISTORY 

It has long been observed that when Europeans settle in hot, dry, 
tropical or semitropical climates, they not uncommonly develop on 
their face, arms, or legs chronic punched-out ulcers which resist aU forms 
of treatment. Various names have not surprisingly crept into the 
literature dealing with these, as shown by the list of synonyms given 
above. 

The term veldt sore was first used by English settlers in South Africa 
many years before the Boer War. At the same time the Boers or Afri- 
kander farmers, suffering equally from these strange superficial ulcers, 
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referred to them as gifseer (poison-ulcer) or brandseer (burning ulcer). 

When the British soldiers campaigning in South Africa during the Boer 
War developed these ulcers in noticeable numbers, descriptions and 
discussions of this unusual lesion began to appear in the English journals 
(Pridmore; Austen; Ogston; Harland; Guise-Moores; Berne; Harman; 

Purdy; and Dolbey). 

Harman suggested that the veldt sore of South .Africa was indistinguish- 
able from a chronic ulcer found among bushmen of the Barcoo River, 

North Queensland, Australia. His suggestion was strongly supported 
by Australian soldiers who claimed that the sores they suffered from 
while resident in the Barcoo River country were identical with the veldt 
sores they developed when campaigning in the African veldt. For this 
reason and for want of better evidence, Barcoo rot and veldt sore are 
regarded as synonymous. 

Medical men in the field under war conditions in 1900 had poor 
facilities for scientific investigation. A praiseworthy effort by Ogston in 
1901 is, however, of interest. He made smears from the floors of chronic 
ulcers and from the contents of vesicles in the early stage on some clean 
fragments of glass, preserved them carefully, and eventually found 
the smears to contain a ‘small bacterium growing in pairs’ which he 
named Micrococcus campaneus. Subsequent research, however, failed 
to corroborate this finding. In 1902-3 Harman, after much research, 
concluded that the causal organism was Staphylococcus aureus, a view 
which has also since failed to receive support. 

During the War 1914-18 attention was again focused on veldt sore. 

Troops serving in Mesopotamia developed superficial chronic ulcers in 
large numbers, and again the Australians recognized the similarity 
between these ulcers and Barcoo rot. Martin, with better bacteriological 
faciUties and knowledge than was available during the Boer War, now 
found cocci and diphtheroid bacilli in both the early and late stages of 
the lesion but failed to realize the importance of the diphtheria. Walshe 
in 1918, while investigating diphtheritic paralysis, noted the coincidence 
of an epidemic of ‘septic sores’ and an epidemic of mUd faucial diph- 
theria, and Craig in 1919 investigated veldt sores with this in mind. He 
succeeded in showing the similarity, if not identity, between the Kdebs- 
Loeffler bacillus and the baciUus found in scrapings from veldt sores 
and from hair follicles in their neighbourhood and also demonstrated 
the healing properties of antidiphtheiitic serum when applied to these 
ulcers. 

Since the publication of Craig’s work, active interest in veldt sore seems Present 
to have waned and letters from practitioners in all parts of South Africa 
and Rhodesia are unanimous in the view that veldt sore is not nearly 
such a scourge as it once was and that in many regions it has dis- 
appeared. Cases still occur, particularly in dry sandy parts, but the 
incidence of the disease is on the wane. Many cases occur in the ill- 
nourished and somewhat unwashed members of the poorer classes 
settled in subtropical districts. 
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3.-AETIOLOGY 

Geographical According to Manson-Bahr, veldt sore is found in all tropical or sub- 
distribution tropical countries where desert conditions exist, e.g. Australia, South 
Africa, Mesopotamia, Equatorial Africa, Egypt, the Sudan, Gallipoli, 
and Palestine. Description of ulcers not unlike veldt sore have come 
from medical men working in India (Murison), the Federated Malay 
States (Orme), and, during the Great War, the Sudan. 

Bacteriology The cause of this condition remains a matter for debate. That the 
C. diphtheriae is the sole cause can hardly be accepted in view of 
Dietetic the peculiar tropical and subtropical distribution of the disease. The 
factor suggestion that some other factor, such as a dietetic deficiency, may be 

necessary cannot be lightly set aside when the difficulties of supplying 
a sufficiency of fruit and vegetables in hot dry climates are remembered. 
The Indians and the native races (Bantu) resident in South Africa appear 
to be exempt (Harman), and it is noteworthy that faucial diphtheria also 
is rare among the Bantu. Dolbey pointed out that veldt sore appeared 
among the troops only after they had been resident in South Africa for 
three months or more, a point in favour of the need for a food deficiency 
to develop before susceptibility set in. Dolbey also pointed out that 
dark-haired individuals were least susceptible, fair-haired moderately 
so, and red-haired most of all. Mounted units usually suffered more 
than the infantry, and those mounted on camels showed the highest 
incidence. According to Pridmore, officers suffered conspicuously less 
than the men, a further point in favour of some dietetic factor as a 
Other cause. Various writers, however, are not agreed upon this point, nor is 
factors there consensus of opinion upon the part played by various bacteria, 
insects, and animal parasites. Ticks, lice, mosquitoes, and house-flies 
have all been blamed, but the evidence put forward is meagre. 

Harman, Dolbey, and Martin agreed upon the part played by diet. 
When diet is restricted, the sores flourish; when large quantities of lime- 
juice and a good all-round diet are given, they rapidly clear up. Harland, 
however, found veldt sores among healthy persons living under most 
favourable conditions. Purdy considered that sunlight exerted a deleteri- 
ous effect upon the sores and advised their protection from this agent. 

It would seem therefore that veldt sore cannot be ascribed to any single 
or simple cause. There are probably two or three causal factors including 
C. diphtheriae, a food deficiency factor, and some inherent constitu- 
tional factor that goes with red hair and not with black. 


4 -MORBID ANATOMY 

Site The ulcers tend to occur on exposed parts covered by hair, e.g. the 

dorsum of the hands, the forearms, elbows, knees, face, eyebrows, 
cheeks, and ears. They may follow slight trauma or arise spontaneously 
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in the neighbourhood of a hair follicle. Most intractable are those 
on the hands. 

In the earhest stages there is a small fresh unopened blister within the Blister 
layers of the epidermis. When this attains about half an inch in diameter 
it bursts, giving rise to a chronic ulcer in the base of which can be found Ulcer 
the deeper layers of the epidermis. The dermis beneath the floor of the 
ulcer is invaded by leucocytes. Organisms are present in the intercellular 
spaces of the epidermis surrounding the ulcer. The shallow ulcer left 
after the blister has burst may spread peripherally and the final diameter 
varies from less than half an inch to two inches or more. The typical 
ulcer has a punched-out appearance with indurated edges; the base may Base 
be covered with a grey scaly debris or give rise to a muco-purulent 
exudate of varying amount. This variation in the dryness of the base has 
given rise to the suggestion that there may be two types of sore, the one Types of sore 
found on the Lowveldt (Natal) differing from that of the Highveldt 
(Transvaal). Indeed, the sore found in Natal is sometimes accompanied 
by a frank discharge of pus and may result in abscess formation. The 
typical sore has a dryish base which suggests a pearly-grey membrane 
and is exquisitely sensitive. The edges become indurated with the 
appearance of cyanosis and give the sore a punched-out appearance. 
Occasionally ulcers may have ragged and irregular edges. The ulcer 
may persist for months or even years. Healing gives rise to thin paper- Scars 
like scars which persist for many years and tend to be naked of hairs or 
sweat-glands. The ulcers, are usually single but may be multiple. 


5 -CLINICAU PICTURE AND COMPLICATIONS 

The blister is usually accompanied by a sensation of pricking, burning, 
or itching. Hence the Boer term ‘brandseer’ (burning sore). In most 
cases the sore is accompanied by very little constitutional change or 
other evidence of impaired health. The regional lymph glands may show Lymph glands 
reaction and enlargement, especially when there is wide-spread second- 
ary streptococcal or staphylococcal infection; but even in uncomplicated 
cases fever, malaise, and headache may occur. 

Walshe pointed out that these sores may be followed or accompanied Paralysis 
by all the various forms of paralysis associated with faucial diphtheria, 
from local paralysis, i.e. of the muscles of the involved limb, to paralysis 
of the muscles of accommodation and of the soft palate, or, in extreme 
cases, generalized peripheral neuritis with loss of all reflexes and anaes- 
thesia. Indeed, in advanced cases the picture closely resembles that of 
beri-beri or locomotor ataxy. In one series of 30 patients 27 per cent 
showed local paralysis, 33 per cent showed paralysis of accommodation, 
and all showed polyneuritis in varying degrees. In 6 of these cases the 
sores were single and in 24 multiple. In most of them the nervous lesions 
developed after the sore had healed. 

In Mesopotamia during the Great War, according to some observers, 
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permephric abscess was a common and serious complication. Presum- 
ably the not-infrequent infection by staphylococci had a bearing upon 
this development, and it must not be forgotten that several of the earlier 
writers regarded the staphylococcus as mainly responsible for the sore. 

6-DIFFERENTIAL DIAGNOSIS 

Another chronic ulcer occurring mainly on the legs and arms in tropical 
and subtropical countries, namely, tropical ulcer, must not be confused 
with veldt sore. Tropical ulcer occurs in the non-European races, 
particularly of Africa and Assam, and seldom attacks the white races; 
the depth and obvious sloughing nature of the lesion renders differentia- 
tion from veldt sore easy. 

Some writers state that there is a difference between Barcoo rot and 
veldt sore in that the former not uncommonly develops a firmly adherent 
thick hard crust. It seems probable, however, that the name Barcoo rot 
has been applied somewhat loosely to many forms of chronic superficial 
cutaneous ulceration, and little purpose is served by distinguishing 
between the two conditions. 

7-TREATMENT 

In districts where veldt sore is endemic, it is a useful precaution to pro- 
tect the legs and arms against avoidable abrasions. Short trousers on 
mounted men should be forbidden and care should be taken to avoid 
contact with dried or moist horse manure which is known to harbour 
the diphtheria bacillus. All superficial injuries should be treated immedi- 
ately with antiseptic lotions and kept clean. 

Local application of antiseptics has long proved disappointing. 
Injection of diphtheria antitoxin, 4,000 units, subcutaneously in the 
neighbourhood of the sores, aided by the application of lint soaked in 
serum direct to the ulcer, seems to be much the best treatment and yields 
the most dramatic results in chronic cases. Especial care should be paid 
to diet and all vitamins must be included on a liberal scale. 
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l-DEPINITION 

(Synonym. — Giddiness) 

1598.] Vertigo or giddiness is a ‘disordered condition in whiick the 
person affected has a sense of whirling, either of external objects or of 
himself, and tends to lose equilibrium’ (Oxford English Dictionary). 


2.-AETIOLOGY 


The balancing Vertigo is caused by disturbance of the balancing mechanism which 
mechanism comprises (i) the vestibular part of the labyrinth, i.e. the three semi- 
circular canals, the otoliths in the saccule and utricle, with the vestibular 
part of the eighth nerve and the associated tracts in the mid-brain, cere- 
bellum, and cerebrum; (ii) the eyes and optic tracts; and (iii) the sensory 
nerves of the muscles, joints, and tendons, especially those of the neck. 
Several types of vertigo are recognized, (i) Vertigo due to abnormalities 
of the labyrinth or its tracts is the commonest of all. 

(ii) Vertigo may be due to abnormalities of other end-organs, e.g. 
visual giddiness and giddiness caused by fibrositis or other lesions of 
the neck muscles which affect the neck reflexes of equilibrium. Visual 
giddiness can often be produced in a normal person by watching a 
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waterfall or by disturbing the field of vision by placing a prism lens 

before one eye. 

(iii) Vertigo may be due to interference with nerve tracts other than the 
vestibular, e.g. in tabes dorsalis, Friedreich's ataxy, and disseminated 
sclerosis. 

(iv) Vertigo due to intracranial conditions is often essentially laby- Intracranial 
rinthine; for example, rise of intracranial pressure may prevent the 
excretion of the labyrinth fluids and cause a choked labyrinth in exactly 

the same way as it does a choked optic disk. A tumour or cyst of 
the cerebello-pontine angle compresses the eighth nerve. Lesions of the 
mid-brain may affect the supranuclear tracts. Cerebellar lesions cause 
giddiness independently of the labyrinth. Injuries to the skull are often 
followed by giddiness, sometimes due to direct injury to the labyrinth; 
sometimes, apparently, to alterations of pressure within the cranial 
cavity, as, for example, after a large decompression. 

(v) Toxic vertigo is produced by drugs, such as tobacco, alcohol, and Toxins 
quinine, and probably by some general infections. Alcohol acts centrally, 
quinine probably on the nerve-endings. Suppuration in the paranasal 
sinuses causes giddiness, which may be due to postnasai irritation 

and subsequent obstruction of the Eustachian tubes as well as to toxic 
absorption. 

(vi) Low and high blood-pressures are often associated with vertigo, Blood- 
but the immediate cause is probably labyriuthine anaemia or congestion pressure 
respectively. 

(vii) Vertigo is common in epilepsy, especially in petit mal. ‘Laryngeal Infections 
vertigo’ is probably due to temporary asphyxia. Vertigo is frequent 

in epidemic encephalitis, the lesion being usually in the nuclei. The 
‘epidemic vertigo’ of Gerlier was probably due to encephalitis. Vertigo 
occurs in congenital and acquired syphilis but is not common; in con- 
genital syphilis there is degeneration of the nerve-endings and, later, of 
the ganglia; in acquired syphilis the lesion is either a neuro-meningitis 
in the late secondary stage or, rarely, a gumma. Epidemic cerebrospinal 
meningitis may cause vertigo by invasion of the labyrinth from within 
the cranial cavity through the internal auditory meatus; if this happens, 
the labyrinth is usually completely destroyed, and giddiness soon ceases, • 
as the intact labyrinth of the opposite side assumes control. 

(viii) It is very doubtful if there is a true ‘neurasthenic vertigo’, i.e. a "Neurasthe 
giddiness without any organic basis. It is not surprising that sufferers 
from vertigo often become neurasthenic, a severe attack of giddiness 
being a terrifying experience, and the ever present fear of such an attack 
in traffic or at work shattering the patient’s confidence. The neuras- 
thenia is primarily a result, not a cause; once established, however, it 
becomes an important contributory factor. Similarly, there is no ‘gastric 
vertigo’; the ‘bilious attacks’ which often accompany giddiness are 
the effect, not the cause, of labyrinthine irritation. But victims of sea- 
sickness are well aware of the disastrous results of dietary indiscretion 
or constipation before sailing, and the explanation may be that 
E.M. VOL. xn 2 N ■ 
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accumulation of intestinal toxins makes the labyrinth more sensitive. 
(See also Travel-Sickness, p. 224.) 

This last consideration raises an important point. Two factors, neither 
alone strong enough to cause giddiness, may do so when working 
together. It is known, for instance, that irritation of the trigeminal nerve 
can increase the irritability of the vestibular nerve and so lower the 
threshold of stimulation ; thus giddiness and tinnitus can be produced 
by an impacted wisdom tooth. Sometimes vertigo, due apparently to a 
trivial Eustachian obstruction, does not cease until an error of refraction 
or a hbrositis of the neck has been treated. 


3.-LABYRINTHINE OR AURAL VERTIGO 


Aural vertigo 


Structure of 
the labyrinth 


iMbyrinthine 

mechanism 


(1) — Physiology and Anatomy 

Labyrinthine disturbance is by far the commonest cause of vertigo and 
all forms of giddiness of this nature are here described as aural vertigo. 
This is not merely a matter of convenience, for the essential mechanism 
of all kinds of vertigo due to labyrinthine disturbance is the same — 
inequality of activity between the labyrinths of the two sides. Normally 
the labyrinth is in a state of tonic stimulation and sends a continuous 
stream of impulses to the higher centres. So long as the activity of the 
two sides is equal, vertigo does not occur, however much the activity 
is increased or diminished; but as soon as there is any sudden inequality 
of activity between the two sides vertigo is experienced. For example, if 
one ear is syringed with water a few degrees below normal body-tempera- 
ture intense giddiness is caused; but not if both ears are syringed simul- 
taneously, although the labyrinthine irritation may be great enough to 
produce strong reflex movements. Thepowerof compensation in the laby- 
rinth mechanism is very great. If one labyrinth is completely destroyed 
the surviving labyrinth assumes control, and in a few weeks giddiness 
ceases. Compensation for suddenfluctuations of activityis far less perfect. 
In order fully to understand the causes of labyrinthine vertigo it is 
necessary to review very briefly a few points in the structure of the 
labyrinth (see Fig. 48). The bony labyrinth lies in the petrous bone 
and consists of the semicircular canals, the vestibule, and the cochlea. 
It is filled with fluid, the perilymph, in which floats the membranous 
labyrinth, fllled with endolymph and containing the sensory receptors, 
the organ of Corti in the cochlea, the cristae in the ampullae of the three 
semicircular canals, and the maculae of the saccule and utricle. These 
end-organs consist of hair-cells attached to an overlying membrane (the 
cupulae of the cristae and the otolith membrane of the maculae). 

The most plausible explanation of the labyrinthine mechanism is that 
the stimulus for the cristae is a movement of endolymph which shifts 
the cupulae and so pulls on the hair-cells; the stimulus for the maculae 
is a displacement of the otolith membranes by gravity and again a pull 
on the hair-cells. For the labyrinths of the two sides to be in a state of 
equal activity the endolymph pressure must be the same in each. Any 
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difference of pressure between the two labyrinths will cause a difference 

in activity, and vertigo will occur. 

(2) — Factors Influencing Intra-LabjTinthme Pressure 

The intra-labyrinthine pressure can be altered by factors either outside 
or inside the labyrinth. 

(i) Factors outside the labyrinth. The outer bony w’all of the labyrinth Exira- 
is the inner wall of the middle ear, which is perforated by the fenestra 



Fig. 48. — Diagram showing relations of perilymph and endolymph systems to the 
middle ear and cranial cavity (endolymph system cross-hatched). E.A.M., external 
auditory meams; internal auditory meatus; M.T., membrana tympani; 

E.T., Eustachian tube; F.O., fenestra ovalis with stapes; F.R., fenestra rotunda; 

A.C., aqueduct of cochlea; M, membranous labyrinth communicating by the 
ductus endolymphaticus with S, the saccus endolymphaticus; and A.V., aqueduct 
of the vestibule 

rotunda (fenestra cochleae) and the fenestra ovalis (fenestra vestibuli), in 
which the stapes lies. Interference with either fenestra may affect the Interference 
pressure within the labyrinth. Another extra-labyrinthine factor may be ^nestra 
obstruction to the exit of the labyrinthine fluids. The perilymph com- Obstruction 
municates freely with the cerebrospinal fluid through the aqueduct of ^ ^ 

the perilymph (aqueduct of the cochlea), which opens into the posterior 
fossa at the edge of the jugular foramen, and along the pia-arachnoid 
sheath of the eighth nerve. Thus increased pressure in the posterior 
fossa raises the pressure of the perilymph. The endolymph escapes from 



VERTIGO 


[voL. XU 


Intra- 

labyrinthine 
factors 
Classification 
of types 


Labyrinthitis 

circumsdipta 


Fistula sign 


Serous 

labyrinthitis 


Suppurative 

labyrinthitis 


548 

the membranous labyrinth through the wall of the saccus endolymph- 
aticus, which lies outside the bony labyrinth between the two coats of 
the dura of the cerebellum and communicates with the main system of 
the membranous labyrinth through the ductus endolymphaticus. 

(ii) Factors within the labyrinth. These include alterations in the volume 
of the blood or of the labyrinthine fluids. 

It is convenient to recognize two main clinical groups of cases of aural 
vertigo; those due to suppuration in the middle ear, and those without 
suppuration. The distinction between these groups is vital; in aural 
suppuration vertigo is a symptom of a condition which may at any time 
become dangerous to life, whereas aural giddiness, however distressing, 
without suppuration is never dangerous. 

(3) — ^Aural Vertigo with Middle-Ear Suppuration 

This must always be regarded with the gravest suspicion, as it may 
indicate the presence of a cerebellar abscess or the onset of labyrinthitis 
(see Ear Diseases, Yol. TV, p. 421). Three principal forms of labyrinth- 
itis are recognized. 

(i) In labyrinthitis circumscripta or labyrinthine fistula there is an 
erosion of the wall of the bony labyrinth, usually over the bulge of the 
external semicircular canal near the aditus of the mastoid antrum. This 
erosion, by exposing the endosteum of the canal, makes it possible for 
pressure from without to be transmitted directly to the perilymph and 
so to the endolymph. Thus pressure of a finger on the tragus raises the 
pressure in the external auditory meatus and middle ear and affects the 
endolymph with the result that violent nystagmus and vertigo occur. 
This is the so-called fistula sign. Strictly speaking, there is no true 
fistula, as the lumen of the bony canal is still separated from the middle- 
ear cavities by the endosteum. 

(ii) Serous labyrinthitis is an inflammation of the labyrinth associated 
with middle-ear suppuration but without direct invasion. It may fairly 
be compared to the ‘sympathetic’ effusion into a joint which often 
follows periarticular inflammation. The giddiness is first due to irritation 
of the affected labyrinth by the increase of pressure due to effusion, and 
perhaps to spread of toxins from the suppuration without, and in the 
later stages, when the affected labyrinth is depressed by the advance of 
the condition, to overaction of the unaffected labyrinth of the other side. 

(iii) Suppurative labyrinthitis is due to direct spread of suppuration 
into the labyrinth and is characterized by the prostrating violence of the 
vertigo. The stage of irritation lasts only a few hours, often less, before 
the nerve-endings are completely destroyed, and then giddiness is due 
to the unbalanced action of the labyrinth on the unaffected side and 
continues until compensation is complete. 

Vertigo may be caused by the pressure of effusion in the middle ear on 
the fenestrae or by granulations in these regions. In many such cases 
there is erosion of the labyrinth wall, and a transient vascular congestion 
may be the determining factor. 
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In all cases in which vertigo accompanies suppuration the treatment is 
that of the suppurative condition. 

(4) — ^Anral Vertigo without Suppuration 
In a description of aural vertigo without suppuration Meniere’s Meniere's 
syndrome must be considered. Recently an attempt has been made to 
distinguish between the syndrome and the disease. Dandy suggested 
that the term Meniere’s disease should be used for intractable cases of 
\ertigo which he regards as due to an affection of the vestibular nerve, 
but there seems to be no pathological justification for this distinction. 

The condition is best defined as a sudden alteration in the activity of 
the eighth nerve in its auditory and vestibular portions (de ICIeyn). 

Thus the condition is characterized by sudden giddiness associated with 
changes in hearing, usually tinnitus and deafness, in recurrent attacks. 

Meniere believed that this was due to a haemorrhage into the labyrinth 

and based his opinion on the post-mortem appearances found in the one 

fatal case in his series. This was long before the days of pathological 

histology^, and the diagnosis is made more obscure by the fact that he 

published two different accounts of his findings. One thing, however, 

is certain; labyrinthine haemorrhage cannot cause repeated attacks of Labyrinthine 

vertigo. In the rare cases of leukaemia with labyrinthine haemorrhage 

the labyrinth is destroyed. There is one violent attack which gradually 

passes off, and then the labyrinth of the opposite side takes control and 

vertigo ceases. It may be some weeks before compensation is complete, 

but once this has happened there are not any more attacks. 

The term ‘Meniere’s syndrome’ covers such a multiplicity of causal 
conditions that it should be abandoned in spite of its historical associa- 
tions, The symptom-group can be produced by any factor which can 
cause a sudden change of pressure in the labyrinth or by toxic agents. 

The simplest cause of aural vertigo is cerumen. A plug of cerumen in Cerumen 
the external meatus is suddenly pushed in against the drum, perhaps by 
the pressure of a finger on the tragus when the patient is shaving. The 
drum carries the ossicles in with it and the stapes is pushed into the oval 
fenestra. This raises the pressure in the labyrinth on the affected side 
andxauses immediate giddiness. In much the same way obstruction of 
the Eustachian tubes can cause vertigo, the mechanism being as follows. Eustachian 
When the tube is blocked, the air in the middle ear is absorbed, and the 
drum is forced in by the atmospheric pressure in the meatus, carrying 
the ossicles with it. This usually happens slowly, and there is plenty of 
time for compensation between the labyrinths of the two sides, but they 
are in a state of compensated imbalance. If there is now any sudden 
change of pressure, however slight, in either Eustachian tube, such as 
the shifting of a bubble of mucus, giddiness follows immediately. This is 
probably the commonest cause of aural vertigo. 

Circulatory conditions cause vertigo by alteration of the blood-supply Blood- 
to the labyrinth or perhaps to the supra-labyrinthine tracts. The 
commonest circulatory cause is inadequate blood-pressure. Many 
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patients with high blood-pressure suffer from vertigo, which is too often 
regarded as a direct result of the high tension. Disastrously successful 
efforts are made to reduce the tension, and the patient is giddier than 
ever. Careful inquiry then shows that the attacks come on when the 
diastolic pressure is lowered to a point inadequate for the patient’s needs, 
A peculiar kind of circulatory vertigo has been described by Lermoyez 
as "the giddiness which makes one hear’. This condition is probably 
caused by a spasm of the labyrinthine arterioles, with anaemia and 
deafness. When the spasm passes, the vessels dilate, and the patient hears 
again, but the sudden dilatation causes a rush of blood to the labyrinth, 
with disturbance of intra-labyrinthine pressure and vertigo. The fact 
that this kind of vertigo has been noted in patients with Raynaud’s 
disease supports this explanation. 

(5) — Diagnosis and Treatment 

Disease of the central nervous system, errors of refraction, syphilis, 
over-indulgence in alcohol or tobacco, and suppuration of the middle 
ear should be excluded. The history is seldom of much help, but it must 
he decided whether there is genuine vertigo, as patients sometimes speak 
of giddiness or dizziness when they mean a transitory feeling of faint- 
ness, tinnitus, or even the scintillating scotoma of a migraine. Vertigo 
coming on after a hot bath, after violent purgation, or on jumping out 
of bed, is probably due, partially at any rate, to circulatory conditions. 
Vertigo preceded by ‘stuffiness’ in one ear is nearly always due to 
Eustachian obstruction. Vertigo accompanied by a sensation of ‘falling 
forward into a pit’ is said to be associated with suppuration in the 
paranasal sinuses. The direction of apparent movement is usually 
uncertain, but the direction of falling, if it can be ascertained, is im- 
portant. In true labyrinthine vertigo the fall is always away from the 
more active labyrinth. Thus when a labyrinth is irritated the fall is 
towards the normal side; when a labyrinth is depressed or destroyed the 
fall is away from the normal side. Examination of hearing may show 
little change unless the patient is seen during an attack, but the audio- 
meter and tuning-forks will always show some abnormality, although 
possibly very small. In the later stages of the disease there is steady 
deterioration of hearing on the affected side, gradually advancing to 
complete deafness. Examination of the labyrinth during quiet periods 
rarely shows any abnormality which can be detected by present methods 
until the condition is far advanced. During an attack there are usually 
nystagmus and a ‘pointing error’, but the patient’s distress precludes full 
examination. 

It is absolutely- essential to be sure that both Eustachian tubes are 
patent, for there may be obstruction on the side with the better hearing. 
It is not enough for the patient to say that he ‘feels the ears click’ when 
he tries to inflate the middle ears by Valsalva’s method; we must see the 
drums move, and if there is any doubt at all an Eustachian catheter 
must be passed- Whether there is tubal obstruction or not, the nose and 


m 
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nasopharynx must be carefully examined for sinus suppuration, and the Nose and 

teeth and tonsils for local sepsis. 

Vertigo is not uncommon in otosclerosis, but it is transient and seldom Otosclerosis 
severe enough to give much trouble. It is probably due to sudden 
circulatory changes in the newly-formed bone. 

When all these possibilities have been excluded, there is left a group of 
cases which have been ascribed to an increase in the volume of laby- 
rinthine fluid, a ‘glaucoma’ of the labyrinth. This could be caused by 
obstruction to the escape of endolymph from the saccus (Portmann); 
angio-neurotic oedema (Quincke); some allergic condition (Dohlman); Oedema 
or intracellular labyrinth oedema (Mygind and Dedering). According 
to Mygind and Dedering this oedema is caused by a generalized water- 
retention; Eustachian obstruction in these cases is not a causal factor 
but is a result of the general condition, and the gradual deterioration of 
the labyrinth is due to continued excessive pressure of fluid on the nerve- 
endings. 

Recently a most important advance has been made in our knowledge Septic foci 
of this condition. Hallpike and Cairns have described their findings in 
two patients who died after an operation for the relief of Meniere’s 
syndrome. In both cases there was a general dilatation of the whole 
endolymph system on the affected side. This might be due to many 
possible causes, such as those mentioned above; there is another pos- 
sibility, suggested by Wright, that in this group of cases we are dealing 
with a focal labyrinthitis, caused by sepsis elsewhere in the body. In 
support of his view he has produced an extensive series of cases in w^hich 
Meniere’s syndrome w^as cured by the elimination of septic foci. 

Mygind and Dedering’s treatment is to diminish fluid intake to the 
physiological minimum aided by a salt-free diet, with massage and light 
treatment to increase elimination. Furstenberg, Lashmet, and Lathrop, 
following the lines laid down by Mygind, found that additional sodium Diet 
chloride in the diet increased fluid retention; in fact, an increase of sodium 
salts could bring on an attack of giddiness even when fluid was restricted. 

They found also that if ammonium chloride was given in increasing doses 
fluid intake could be increased with safety. They advise the following 
diet: (i) proteins unrestricted or forced; (ii) calorie content as needed for 
the patient; (iii) 45 grains of ammonium chloride with each meal, three 
days on and two days off; (iv) water intake unrestricted, but excess 
should be avoided; (v) low salt content — salted meat and fish, salt butter, 
oysters, and cheese to be avoided. 

When these measures fail or are inapplicable one of three things can Operation 
be done: (i) an attempt can be made to relieve pressure in the labyrinth 
by establishing a fistula on the external canal (Peters) or by draining 
the saccus endolymphaticus (Portmann), operations which have been 
successful in some cases but are only suitable for the small group of 
cases in which there is good hearing with intractable giddiness; (ii) the 
labyrinth can be destroyed either by exposing and opening the vestibule 
or, more simply, by exposing the external semicircular canal, opening 



552 


VERTIGO 


[vOL. XII 


Drugs 


it, and injecting alcohol; the cases, fortunately uncommon, in which 
intractable giddiness follows an otherwise successful radical mastoid 
operation with a healed and healthy cavity are best treated in this way; 
(iii) the eighth nerve can be divided, as advised by Dandy, who found it 
possible to divide the vestibular branch without injuring the auditory 
branch. This operation, which necessitates a large decompression, is 
much more severe than alcohol injection and has not yet been proved 
to be more efficacious. 

Finally, in the treatment of vertigo it must always be borne in mind 
that there may be a double causation, a factor which predisposes by 
lowering the threshold of stimulation and a factor which brings on 
the attack. It is most important to reassure the patient. He can be told 
with absolute confidence that he is suffering from a ‘real’ physical 
condition, not from ‘nerves’, and that his condition is ultimately curable. 
Bulbocapnine and, to a lesser degree, chlorbutol appear to have some 
specific action on the labyrinth, and some patients are relieved by 
minute doses of phenobarbitone, but hypnotics and sedatives must be 
used with the greatest caution; as a rule tonics are more needed. It is 
only in the rare cases in which all other methods fail that surgical 
intervention need be considered. 
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Reference may also be made to the following titles: 

EPIDIDYMITIS GONORRHOEA 


l.-DEFINITION AND AETIOLOGY 

1599.] Vesiculitis (sometimes called spermato-cystitis), or inflammation 
of the seminal vesicles, may be either acute or chronic and is almost 
invariably secondary to an infection of the urethra. It is a common 
complication of gonorrhoea, but the infection may be due to other 
bacteria, such as Bact. coli, staphylococcus, or streptococcus. 


2.-MORBID ANATOMY 

The waU of the vesicle is greatly thickened, and its mucous membrane 
swollen and congested. Since vesiculitis is often complicated by occlu- 
sion of the ejaculatory ducts, the secretion is retained and is mixed with 
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epithelial debris, spermatozoa, and pas cells. Usually the amount of 
pas retained in a vesicle is moderate, and an empyema of that organ is 
uncommon. When the infection becomes chronic, fibrous thickening 
of the wall takes place, and perivesiculitis is commonly present. 


3 -ACUTE VESICULITIS 

(1) — Clinical Picture 

Symptoms of acute vesiculitis are usually obscured by those of the 
acute infection of the prostate and prostatic urethra, of which the 
vesiculitis is a sequel. An attack of acute epididymitis is a common 
complication, due to the spread of organisms along the vas. If the 
acute infection of the vesicle occurs during the course of a gonorrhoea, 
the patient will complain of urgent and frequent micturition, perineal 
pain, and frequent and painful erections. The erections are often 
followed by painful emissions, the ejaculated seminal fluid being stained 
dark brown with altered blood pigment. Pain is commonly complained 
of, not only in the perineum but also in the region of the sacro-iliac 
synchondroses, the groin, and the testicles. During defaecation the pain 
is intensified through the pressure exerted on the distended vesicles. 

(2) — ^Diagnosis 

Diagnosis rests on the above-mentioned symptoms and on the dis- 
covery, by rectal palpation, of a tender swelling in the region of the 
vesicle. The vesiculitis is almost invariably associated with a prostatitis, 
and therefore with pus in the urine and in the expressed prostatic and 
vesicular secretions. 

(3) — ^Treatment 

In the acute stage, any active local treatment of the urethral infection, 
such as irrigation, must be suspended, and treatment confined to the 
administration of diuretics and analgesics. Recently, the use of one of 
SuJph- the sulphanilamide preparations has been found of great value in the 

anilamide treatment of vesiculitis, whether it is due to infection with the gono- 

coccus or whether to other organisms. Rest in bed is of paramount 
importance, not only on account of the vesiculitis, but also as a means 
of reducing the risks of a descending infection along the cord. The 
bowels must be kept open, and pain relieved by hot rectal douches or 
diathermy. When severe, a suppository containing morphine J grain 
and extract belladonna J grain should be used night and morning. 


4.-CHRONIC VESICULITIS 

This may be a sequel to an acute attack, or a complication of chronic 
infection of the prostatic urethra. 
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(1) — Clinical Picture 

The symptoms may be conveniently subdivided into sexual and Sexual 
nervous. The sexual symptoms, as in the acute cases, are frequent 
erections, and emissions containing pus and pigmented brown from 
the presence of degenerated blood. The nervous symptoms are pain. Nervous 
depression, and lassitude. In old-standing cases, the patients may 
become neurasthenic, their attention being entirely concentrated on 
their sex organs and their days spent in recording their symptoms and 
in bewailing the loss of their sexual health. Spermatorrhoea, i.e. the Spenmtor- 
escape by day of seminal fluid containing spermatozoa and other 
elements, without erection or desire, may be noticeable and may 
confirm the patient in his opinion that his sexual capacity has been 
irretrievably lost. 

(2) — ^Diagnosis 

Sometimes the local symptoms are so slight and the neurasthenia so 
well developed that the existence of a vesiculitis is overlooked. It 
should therefore be an invariable rule to make a careful rectal examina- 
tion of the prostate and vesicles in all patients complaining of the 
symptoms above described. Not only must any signs of induration of 
the vesicles be carefully sought for, but also the sensibility of the 
vesicles on the two sides compared. Finally, prostatic and vesicular 
fluid must be expressed by gentle massage and examined under the 
microscope for the presence of pus cells. 

(3) — Treatment 

This consists in the treatment of the primary urethral infection, to 
which the vesiculitis is secondary, as well as in direct treatment of the 
inflamed vesicle. Amongst the measures adopted to combat the urethral 
infection the most important is the use of the Janet method of irrigating 
the posterior urethra and bladder, in order to reduce surface infection. 

Of the measures directed to the vesicle, the most important is attention 
to its drainage. Emptying the vesicle of its retained secretions is effected 
by careful massage, with the patient in the knee-elbow position. This Massage 
should be done after distending the bladder with solution, so that the 
infected material massaged out of the vesicle may be expelled at the 
end of the treatment by getting the patient to empty his bladder. 

Massage should be carried out two or three times a week until examina- 
tion of the expressed Quid shows that it contains only two or three pus 
cells per microscopic field. 

Supplementary methods of treatment are rectal irrigation with hot 
water, or, better still, diathermy with rectal and suprapubic electrodes. 
Diathermy may conveniently be given prior to the massage, and often 
it will be found that the preliminary heating of the vesicle increases the 
amount of secretion subsequently expelled from it by massage. 

Efforts to empty the vesicle by means of massage sometimes prove 
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ineffective because of the ejaculatory ducts being blocked. In these 
cases, drainage can only be effected either by catheterization of the 
ducts or by incision of the infected glands. Catheterization can some- 
times be carried out with comparative ease through a posterior urethro- 
scope, but in other cases the openings of the ejaculatory ducts into the 
posterior urethra are so placed that it is mechanically impossible. 

In these circumstances the only means of draining the vesicle is by 
open operation. Three types of operation may be carried out, Belheld’s 
operation, vesiculotomy, and vesiculectomy. 

Belfield’s operation consists of exposing the vas at the neck of the 
scrotum, puncturing it with a sterile needle, and injecting medicated 
fluid into the prostatic section of the vas, ampulla, and vesicle. Using a 
silver salt, Belfield was able to demonstrate by means of radiographs 
that it was possible in this way to fill the vesicle completely with 
antiseptic fluid. Opinion is divided as to the value of his procedure, 
some authorities, such as F. Kidd, reporting highly of it, and others, 
including the writer, regarding it of doubtful value. 

Drainage or excision of the inflamed vesicle by open operation is a 
difficult and serious undertaking and is only exceptionally justified, when 
the infected gland is a source of general ill-health or the primary focus 
of a crippling gonorrhoeal rheumatism. Four approaches are available: 
the perineal, the suprapubic, the inguinal, and the transvesical. 

In the perineal approach, the vesicles are exposed through a curved pre- 
rectal incision such as is used in perineal prostatectomy. The patient having 
been placed in the lithotomy position with a cushion under the sacrum, the 
posterior surface of the prostate is exposed as for a perineal prostatectomy. 
By careful dissection, the base of the prostate and the vesicles are separated 
from the rectum. Great assistance in this operation is rendered by the use of 
a Young’s pro static retractor, which allows the prostate and vesicles to be 
dragged down into the perineal wound and avoids the necessity of working 
in the depths of a cavity. The fascia over the seminal vesicles is then incised, 
the remaining steps in the operation depending on whether vesiculotomy or 
vesiculectomy is to be carried out. In the former procedure, all that is neces- 
sary is to incise the inflamed vesicle, insert a drainage tube, and bring the skin 
together with sutures. If the vesicle is to be excised, it must be separated from 
the prostate and base of the bladder by careful dissection, special care being 
necessary at the outer extremity, which is in close relation to the prostato- 
vesicular venous plexus, and the point of entry of its main blood-supply. 

In suprapubic vesiculectomy, the vesicle is approached through a median 
suprapubic incision, similar to that employed in approaching the lowest 
portion of the ureter. The peritoneum is separated backwards, and the 
bladder is pushed upwards and forwards until the seminal vesicles are found 
lying deeply in the pelvis. 

The inguinal approach is similar to the suprapubic, except for the fact that 
the incision is oblique, resembling that used in the removal of a ureteric 
calculus impacted at the brim of the pelvis. 

Probably the easiest approach to a surgeon unaccustomed to perineal pro- 
statectomy is through the bladder base, employing the technique devised by 
Thomson-Walker in 1924. With the patient in the Trendelenburg position. 
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the bladder is exposed and opened, as in the operation for open prostatectomy. 
An incision is then made in the floor of the bladder, extending from the 
posterior lip of the internal meatus backwards in the middle line for two and 
a half inches. This incision cuts through the bladder mucous membrane, the 
trigonal muscle, and the muscle of the bladder wall immediately behind it. 
Through this bladder wound the vesicles are exposed and may be excised 
with comparative ease. Afterwards the edges of the median bladder incision 
are brought together with fine catgut sutures, a small tube being inserted so 
as to drain the cavity behind the bladder. The bladder is then closed and 
drained as after a suprapubic prostatectomy, the tube in the retrovesical 
space being brought out of the abdominal wall in company with the supra- 
pubic catheter. 


5~TUBERCULOSIS OF THE SEMINAL VESICLES 

In genital tuberculosis, the seminal vesicle is seldom affected alone, a Aetiology 
tuberculous vesiculitis being found in association with tuberculosis of 
the epididymis and of the prostate. Whether in such cases the vesicular 
infection is primary and the epididymal secondary, or vice versa, is still 
a matter of controversy. 

Usually the symptoms are slight, and the lesion is only discovered Climcal 
during the routine examination of a patient who is found to be suffering 
from a tuberculous epididymitis. When symptoms exist they are similar 
to those described in the previous paragraph, namely, sexual irritation 
with painful and blood-stained emissions. Rectal examination reveals 
the presence of a nodular tender vesicle, with a hard craggy outline, 
and marked peri-vesicular induration. On cystoscopy the bladder is 
found to be normal or, if it has become infected from the vesicle, it 
shows the presence of tuberculous lesions immediately behind the base 
of the trigone. 

Only rarely is vesiculectomy indicated. As a rule, treatment is confined Treatment 
to dealing with the tuberculous infection of the epididymis, followed by 
the adoption of the general constitutional remedies employed for a 
tuberculous infection occurring anywhere in the body. It will usually be 
found that the removal of the tuberculous epididymis or testicle has an 
immediate beneficial effect on the infected vesicle, and few operators 
have followed Young in the heroic surgical procedure he advocates of 
total excision of the seminal tract. In the opinion of most surgeons, 
even a vesiculotomy is comparatively rarely indicated in the treatment 
of genital tuberculosis. When it is undertaken, either of the four routes 
of exposure may be employed. 
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1. -DEFINITION 

(5>rt(?/7>w.— Enteroptosis; splanchnoptosis; Glenard’s disease) 

1600.] Visceroptosis is often defined as a condition in which the 
abdominal viscera are situated at an abnormally low level in the 
abdominal cavity. The weakness of such a definition is that careful 
radiological studies of the position of such organs as the stomach and 
colon, which can be readily visualized, show that these organs occupy 
no fiixed position in healthy persons. It is thus impossible to define any 
particular position as abnormal. Moreover, there is no real evidence 
that variations in the anatomical position of such organs as the 
stomach and colon produce any constant clinical syndrome. Although 
a large number of variable symptoms may be associated with a low 
position of the abdominal viscera, there is no proof that the ptosis is 
the cause of the symptoms, and it is more probable that both the 
ptosis and the symptoms may be due to a common underlying cause. 

2. -AETIOLOGY 

Before the advent of radiology it was usually assumed that the abdominal 
viscera occupied more or less fixed positions; but in 1885 Glenard 
showed that organs such as the colon, stomach, liver, and kidney were 
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often found to lie at a lower level in the abdomen than was considered 
normal. He attributed certain local and general symptoms, such as 
abdominal discomfort, flatulence, exhaustion, and neurasthenia, to 
ptosis of the abdominal viscera, especially of the colon. In his conception 
the ptosis produced kinking and angulation of the intestines, which led 
to stasis of their contents with absorption of toxins. Later he modified 
his purely mechanical explanation of ptosis by assuming a functional 
derangement of the liver which, according to his view, produced a 
diminution in the muscular tone of the intestine. 

The introduction of X-ray examination of the intestinal tract shed 
much light on visceroptosis. Moody, van Nuys, and Chamberlain 
attempted to determine accurately the position of the stomach and 
colon in young healthy persons who had not suffered from any 
dyspeptic symptoms. Their radiological investigations showed that when 
examined in the erect position the greater curvature of the stomach 
dropped below the iater-iliac line, i.e. a line drawn between the highest 
points on the iliac crests, in 74 per cent of men and 87 per cent of women; 
further, in 25 per cent of the men and 46 per cent of the women it was 
more than three inches below this line. Moreover, they showed in both 
men and women that in the recumbent position the stomach rose to 
a much higher position. Later Moody investigated the position of the 
stomach in patients over forty years of age complaining of gastric 
symptoms and found that a low position of the stomach occurred 
more often in healthy young adults than in these elderly dyspeptics. 

Barclay, from a series of radiological studies, has come to the con- 
clusion that one of the most striking features of the abdominal viscera 
is their mobility, and has said: ‘The normal abdominal viscera have no 
fixed shapes and no fixed positions, and every description of them must 
be qualified by a statement of the conditions existing at the time of 
observation. Moreover profound change may be caused not only by 
mechanical forces but also by mental influences.’ Barclay has shown that 
emotional disturbance, such as fear, may produce relaxation in the 
tone of the gastric musculature and a consequent drop in the position 
of the stomach. Thus the sudden banging of a door during a screen 
examination caused the lower border of the stomach to drop from the 
level of the umbilicus almost into the pelvis. 

Radiological investigations have shown the position of the colon to 
be as variable as that of the stomach. The caecum may lie in any 
position between the upper border of the iliac crest and the pelvis, and 
the transverse colon varies to a remarkable extent in the level at which 
it crosses the abdomen. Although many symptoms, including chronic 
constipation, have been ascribed to coloptosis, there is no radiological 
or chnical evidence to support such a view. 

The motility of the stomach in no way depends on its position in the 
abdomen. It can be shown that a stomach, the greater curvature of 
which is within the true pelvis, can empty in normal time provided 
there is no obstruction at the pylorus. 
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Although there is no evidence that the abdominal viscera occupy 
fixed 'normal' positions in the abdominal cavity, nevertheless it must 
be admitted that the viscera in some individuals lie at lower levels than 
in others. 

Many views have been put forward to explain how the abdominal Factors 
viscera are retained in position. They are attached to the posterior 
abdominal wall by peritoneal ligaments, but these are relatively thin viscera 
and lax and cannot hold the viscera in place. Indeed their laxity allows Peritoneal 
the free movements of such organs as the stomach and colon which 
take place with alterations in posture and respiration. One factor w'hich Habitus 
helps to determine the shape and position of organs such as the stomach 
and colon is the general conformation or habitus of the individual. 

Thus the long-chested type with a narrow costal angle tends to have a 
narrow' and elongated abdominal cavity which results in the stomach 
being elongated and vertical. On the other hand in the broad-chested 
individual with a wide costal angle the stomach tends to lie more 
horizontally and at a higher level in the abdomen. There has been Abdominal 
much controversy as to the part played by the abdominal wall in the 
maintenance of the position of the viscera, and it has often been 
assumed that they are maintained in position by the intra-abdominal 
pressure due to the tonus of the abdominal musculature. Although the 
supports of the abdominal wall and of the pelvic floor are undoubtedly 
factors, atony of the abdominal muscles does not necessarily lead to 
ptosis of the abdominal viscera. 

The position of the intra-abdominal viscera varies within very wide 
limits, not only in individuals but in the same person at different times 
and under different conditions. Moreover, it is clear that when viscera, 
such as the stomach or colon, are situated abnormally low^ this is not 
inconsistent with perfect health and physical fitness. 

Although the terms gastroptosis, coloptosis, nephroptosis, and hepato- 
ptosis are often used to designate what is regarded as an abnormal 
position of the stomach, colon, kidney, and liver, it is unusual for a 
single organ to be situated abnormally low. Thus if the greater curvature 
of the stomach is situated in the pelvis the transverse colon wiU also be 
found at an even lower level. 


3.-CLINICAL PICTURE 

From wfiat has been said above it is clear that the symptoms often Symptoms 
ascribed to visceroptosis are certainly not due solely to an abnormally ^fscfroptosis 
low position of the intra-abdominal viscera. Nevertheless certain 
symptoms are common in patients in whom the stomach, colon, and 
other organs appear to be abnormally ptosed. It is justifiable therefore 
to describe the symptoms so often attributed to visceroptosis. These 
are abdominal discomfort, flatulence, constipation, general weak- 
ness, and lassitude. The patients are almost always introspective and 
E.M. voL. xn 2 o 
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hypochojidriacal and the vast majority are females, more commonly 
unmarried or childless married women. 

The history of the patient often shows that weakness and lassitude 
antedate the other symptoms, sometimes by many years. Even from 
childhood many of the patients have been regarded as weakly and of 
poor physique with deficient physical and mental energy. 

Abdominal symptoms attributed to visceroptosis are very variable; 
often they are not severe and are described by the patient as dragging 
sensations in the epigastrium or in either iliac fossa, commonly associ- 
ated with backache. Sometimes burning or gnawing sensations may be 
complained of. At times there may be attacks of acute pain, particularly 
in one or other iliac fossa, which may suggest appendicitis or diver- 
ticulitis. During such an attack the caecum or pelvic colon is sometimes 
found to be tender, hard, and contracted, suggesting the condition often 
described as colospasm. Not uncommonly such attacks are followed by 
the passage of mucus and a diagnosis is made of muco-membranous 
colitis. (See also Colitis, Vol. Ill, p. 294, and Mucous Colic, VoL VIII, 

p. 660.) 

Flatulence and distension are also common complaints. Considerable 
amounts of air may be eructated and the patient may be much worried 
by borborygmi and flatus. The patient, as a rule, regards these symptoms 
as caused by abnormal fermentation in the stomach or bowel, though in 
fact they are due to aerophagy. Constipation is perhaps one of the most 
constant accompaniments of supposed visceroptosis. Purgatives are 
usually taken daily, and, like those who suffer from mucous colic, these 
patients make a minute study of their faeces; often dissatisfaction with 
either their quality or quantity leads to great anxiety and distress. This 
may even induce them to have recourse to even more, powerful purges 
which irritate the colon and may precipitate attacks of colospasm and 
the passage of mucus. 

Although the appetite is often fairly good, the patient often excludes 
first one article of diet and then another on the assumption that they 
increase the abdominal discomfort or produce pain; thus a very small 
amount of food is eaten, and as a result malnutrition and loss of weight 
aggravate the lassitude and fatigue which are often already prominent 
symptoms. 

The vasomotor system is often unstable. Attacks of palpitation and 
tachycardia are common together with di 2 ziness or vertigo. These are 
sometimes associated with flatulence and distension, which produce 
alarming feelings of suffocation and dyspnoea. 

As might be expected in subjects of chronic inanition, there is often a 
disturbance of the menstrual functions, such as irregular menses, 
amenorrhoea, or dysmenorrhoea. There is an increased liability to 
infections, such as colds, influenza, sinusitis, and Bact. coll infections of 
the urinary tract. There is always some evidence of mental instability. 
Symptoms are described in excessive detail and their agonizing or 
intolerable character is much emphasized. Insomnia and nightmares are 
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common. The patient’s lack of adaptation to her surroundings often 
renders family life difficult. 

On physical examination there is little objective evidence of disease 
apart from evidence of malnutrition. The blood-pressure is usually Blood- 
below the average. There is often some degree of anaemia, probably 
due to the malnutrition. Radiological examination may show the ^ 

stomach and colon to be low in position, but by no means constantly, fndingF^^ 
and many patients who have been diagnosed as visceroptosis on the 
strength of general and local symptoms are found to have their \iscera 
not unduly low. Not uncommonly the right kidney is easily palpable, 
and in some cases if the patient takes a deep breath the wffiole kidney 
descends below the ribs. As a rule it is not tender and no symptoms are 
attributed to it, unless they have been suggested by the ill-judged remarks 
of the practitioner. Examination of the gastric secretion with a fractional Tesi-meal 
test-meal shows no constant findings and the amount of acid may range 
from hyperchlorhydria to achlorhydria. 

The clinical syndrome so often attributed to visceroptosis is really one 
of chronic invalidism, with a tendency for the patient to emphasize 
particularly symptoms referred to the alimentary tract. It is difficult to 
avoid the conclusion that at any rate the majority of patients with a 
diagnosis of visceroptosis belong to the class of patient who in the past 
was diagnosed as movable kidney, chronic intestinal stasis, or muco- 
membranous colitis, and who to-day is often classified under the heading 
of colospasm, enterospasm, or nervous dyspepsia. During recent years 
diagnoses of visceroptosis have become relatively uncommon and they 
will probably become even more so. Table I shows the cases, grouped 
in five-year periods, indexed since 1900 in the Guy’s Hospital clinical 
reports under the headings visceroptosis (including enteroptosis), mov- 
able kidney, chronic intestinal stasis, gastroptosis, and coloptosis. 


TABLE I.— Numbers of Cases of Selected Diagnoses indexed 
in Guy’s Hospital Clinical Reports, 1900-33 


Years 

Viscero- 

ptosis 

Movable 

Kidney 

Chronic 

Intestinal 

Stasis 

Gastro- 

ptosis 

Colo- 

ptosis 

1900-1904 

14 

184 

0 

0 

0 

1905-1909 

37 

150 

21 

0 

0 

1910-1914 

63 

76 

288 

0 

0 

1915-1919 

47 

32 

138 

0 

0 

1920-1924 

135 

26 

1 

78 

41 

1925-1929 

77 

11 

0 

14 

11 

1930-1933 

28 

2 

0 

8 

1 


It is difficult to avoid the conclusion that fashions in diagnosis change. 
Thus in the course of thirty years movable kidney has practically 
disappeared and concurrently with its disappearance there was a 
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corresponding rise in the number of patients diagnosed as visceroptosis 
and chronic intestinal stasis. 

A progressive decrease in the number of patients with diagnoses of 
visceroptosis, enteroptosis, and gastroptosis is shown in Table II. 


TABLE II. — Numbers of Diagnoses of Visceroptosis, Enteroptosis, 
and Gastroptosis made at the London Hospital from 1920 to 1934, 
arranged in Quinquennial Periods 


Years 

Males 

Females 

Total 

1920 to 1924 - 

164 

533 

697 

1925 to 1929 - 

135 

484 

619 

1930 to 1934 - 

40 

246 

286 


Nephroptosis^ 
duodenal 
ileus, and 
gastroptosis 


Gastroptosis 


Cause of 

mterference 

with 

evacuation 


For the last two years for which figures are available at the London 
Hospital (1935 and 1936) the total number of cases with these diagnoses 
had fallen to 30 and 45 respectively. 

Although visceroptosis is not the common condition it was at one 
time thought to be, there are some uncommon clinical conditions in 
which ptosis of certain abdominal organs appears to be a causal factor. 
These are nephroptosis with the production of attacks simulating renal 
colic known as DietPs crises (see Vol. YII, p. 389), obstruction of the 
third part of the duodenum as a result of compression by the root of 
the mesentery (duodenal ileus, see Vol. VII, p. 248), and gastroptosis 
with the production of gastric stasis. 

Gastroptosis may perhaps in certain circumstances produce demon- 
strable delay in the passage of food from the stomach. A stomach the 
greater portion of which, is situated in the pelvis shows normal tone 
and peristalsis and evacuates its contents without undue delay, because 
in the great majority of instances of gastroptosis the pylorus and 
duodenum are also lying at a low level in the abdomen. If, however, 
the retro-peritoneal portion of the duodenum, i.e. its second or descend- 
ing portion, remains firmly anchored to the posterior wall of the 
abdomen, this may produce a kinking at the junction of the first and 
second parts of the duodenum which may interfere with the normal 
evacuation of the stomach. Thus when the stomach is shown by X-ray 
examination to be situated unduly low it is important to localize the 
level of the second portion of the duodenum when the patient is 
examined erect. If the duodenum has not dropped with the stomach it 
can usually be shown that though the duodenal cap (the first part of 
the duodenum) fills readily the opaque meal does not pass with normal 
rapidity into the second and third parts of the duodenum. If, however, 
the patient lies down, particularly if she lies on her right side, the 
pylorus and stomach assume a more elevated position, the kink is 
obliterated, and the opaque meal passes with normal speed through all 
portions of the duodenum. The partial obstruction is manifested by 
abdominal discomfort, which starts as a meal is being taken and is at 
its worst when the stomach is full. If the patient lies down on the right 
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side the symptoms rapidly abate. A large and bulky meal is more likely 
to produce symptoms than a small meal. Gastric stasis of this type 
is but rarely produced by gastroptosis, and in the great majority of 
instances the stomach empties normally. 

Ptosis of the liver may be associated with a general visceroptosis. In Piosis of liver 
cases of megacolon, or Hirschsprung’s disease (see Yol. YIII, p. 470), 
the liver may be rotated to the right so that the right lobe extends well 
below the umbilicus and almost into the right iliac fossa. Usually no 
special symptoms are produced by hepatoptosis but it is important to 
avoid regarding the condition as due to enlargement or growth. By 
percussion it is often possible to demonstrate that the upper border of 
the liver is abnormally low. 

Ptosis of the spleen is extremely rare except when the spleen is enlarged Ptosis of 
as in chronic myeloid leukaemia, in which disease the spleen is often 
dropped and rotated and may even be found in the pelvis. Symptoms 
are usually absent unless torsion of the pedicle occurs. 

4.-COURSE AND PROGNOSIS 

The symptom-complex so commonly described as due to visceroptosis Psychological 
is so often associated with a psychological and physical inferiority, 
which is to some extent inherent and environmental, that when symptoms 
have once become firmly established the outlook as regards cure is 
necessarily poor. Without a complete change in personality and con- 
stitution it can hardly be expected that the mental outlook and habits 
can be altered. Moreover, some of these patients ‘enjoy ill-health’ and 
would be the last to desire to exchange their chronic invalidism for 
a robust normal life. In chronic cases therefore, when the symptoms 
have been present for years, there is little hope of effecting more than 
a temporary improvement, particularly if unnecessary and ill advised 
surgical operations, such as nephropexy, colopexy, gastroplasty, or 
even appendicectomy, have been performed. When the symptoms have 
been of relatively short duration and the patient is co-operative the 
outlook is better, at least as regards relief and improvement if not as 
regards complete cure. Though the condition may make Ufe a burden, 
if not to the patient at any rate to her relatives, it does not in itself 
shorten life except in so far as the inanition and general physical 
unfitness may render her an easier prey to intercurrent illness. 

5.-DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

A careful X-ray examination of the stomach and duodenum should 
detect the rather unusual cases of gastroptosis in which fixity of the 
duodenum has caused delay in the emptying of the stomach. 

The symptoms attributed to visceroptosis are so vague and variable 
that a carefully taken history in conjunction with a consideration of the 
patient’s attitude and personality are often almost suflhcient to exclude 
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diseases which produce well defined symptom-complexes, such as 
duodenal ulcer, gastric ulcer, or renal and biliary colic. The duration 
of symptoms is often sufficient to exclude malignant growths. These 
patients may sooner or later develop some organic disease and, as it is 
most important for the practitioner to satisfy himself that gross organic 
disease is absent, it is usually wise to have the patient thoroughly 
investigated with X-rays of the alimentary tract and the gall-bladder, a 
fractional test-meal, and examination of several faecal specimens for 
occult blood. For the latter the patient must be kept on a diet free 
from meat, fish, green vegetables, and fruit for at least four days. Often 
in addition an X-ray examination of the lungs is desirable to exclude 
a latent tuberculosis and, if there is any suggestion of anaemia, a blood 
count. Hypochromic anaemia, so often found in women with hypo- 
chlorhydria, is a common cause of chronic ill-health. The chronic 
gastritis which is so common in this type of patient may suggest a 
diagnosis of visceroptosis. 

The diagnosis of nephroptosis with DietTs crises is described in Vol. VII, 
p. 389, and that of duodenal ileus in Vol. VII, p. 250. 

It is doubtful if it is ever wise to tell a patient that he or she is suffering 
from visceroptosis. To the lay mind the statement that the stomach, 
bowels, or kidneys are dropped or misplaced offers a reasonable 
explanation for symptoms of any and every kind, which is only too 
readily accepted by the patient. Moreover, the idea is a great deal easier 
to implant than to eradicate from the patient’s mind. Diagnoses such 
as nerve exhaustion, nervous dyspepsia, or colospasm are likely to have 
less deleterious effects. 


6.-TREATMENT 

Preventive 

It has often been stated that visceroptosis is likely to follow a confine- 
ment if the patient is not kept sufficiently long in bed. The abdominal 
muscles stretched during pregnancy are left lax after parturition and if 
the patient gets up and about too early the lax abdominal wall and pelvic 
floor allow the viscera to descend. Though without doubt an adequate 
period of rest, certainly not less than twelve days, should be insisted on 
after a confinement, it is very doubtful if this is an important factor 
in the production of visceroptosis. Quite apart from other arguments 
most patients in whom the diagnosis is made have not borne children. 

Very often the symptom-complex designated as visceroptosis is 
initiated in early life or even in childhood. The patient may have been 
an only child brought up in an atmosphere of invalidism and maternal 
anxiety. Labouring under the defects of an inferior constitution a sense 
of inferiority develops, which may later lead to chronic invalidism 
as a refuge, particularly if the environment, whether occupational or 
domestic, is unsatisfactory. A general improvement in the management 
of children, both before and during school life, will without doubt tend 
to diminish the incidence of chronic invalidism in later life. 
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Specific 

As most of these patients suffer from undue fatigue, rest must be Rest 
insisted on, in varying degree according to the severity of the individual 
case from rest in bed to curtailment of unnecessary activities. The patient 
is constitutionally under average, both physically and mentally, and the 
degree of activity allowed must be adjusted to her powers. She should 
go to bed early and if there is difficulty in getting to sleep a dose of 
bromide at night is often both effective and harmless. Only too often Sedative 
the patient has a dread of sleeping draughts and it may be wise to say 
that she is being given a tonic rather than a sedative. In severe cases, 
when the patient is being kept at rest in bed, a course of general massage Massage 
is often of value. 

The posture of these patients is often defective and much can be done Correction of 
to correct this by graduated exercises and g^^nastics, but they should posture 
not be severe enough to produce fatigue and exhaustion. The exercises 
should be performed under the supervision of an expert in remedial 
exercises; moreover, it is always more satisfactory if they can be done in 
a class rather than individually, as the presence of other patients tends 
to produce a competitive spirit and an atmosphere of cure. The exercises 
consist mainly of active movements of the abdominal muscles and 
diaphragm, which in most of these patients is unduly low- with a 
restricted respiratory excursion. 

In the past abdominal belts, either elastic and webbing or leather and Abdominal 
metal, were almost invariably ordered for patients who w^ere supposed 
to be suffering from visceroptosis. It was assumed that a belt restored 
the dropped viscera to a normal position. Although X-ray examination 
demonstrates clearly that a belt has not any effect whatever on the 
position of the viscera, a proportion of patients obtain subjective 
benefit from a belt. Whether this is due only to moral support or whether 
the belt may increase the intra-abdominal pressure and perhaps second- 
arily benefit the vasomotor system is uncertain. At any rate a belt is 
well worth a trial, the most comfortable type being the elastic and 
webbing. 

Patients often subsist on an inadequate diet, not so much because Diet 
appetite is lacking as because they have cut out of their diet successively 
various kinds of food on the assumption, usually wrong, that these 
disagree with them. As a result of a continued low diet feehngs of fatigue 
and exhaustion are aggravated and sometimes there may be almost 
emaciation. It is wise to forbid, at any rate for a time, all articles of 
diet which leave a large cellulose residue, as many of these patients 
are liable to attacks of colospasm and muco-membranous colitis. 

All vegetables should be excluded unless sieved, particularly salads, 
cucumber, and tomatoes. Fruit-juice is desirable but all pips and skins 
must be avoided. Highly spiced food, such as game, sauces, and shell- 
fish, are undesirable. If distension and flatulence are troublesome, 
potatoes and rice should not be eaten, particularly if the flatulence 
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appears to be mainly colonic. The patient should eat slowly and chew 
the food well, and meals should be at regular times and not hurried. 
Treatment of In the rare cases of gastroptosis in which fixity of the duodenum pro- 
gastfoptosis kinking with slow evacuation of the gastric contents relief is often 

obtained if the patient lies on the right side for half an hour to an hour 
after meals. The latter should be small and rather frequent. If symptoms 
are severe a period of complete rest in bed with the foot of the bed 
elevated may be necessary. 

Drugs 

Most of these patients suffer from constipation and many of them take 
powerful purgatives daily, thereby irritating a colon which is usually 
already over-irritable. The constipation is due not to obstruction or 
kinking associated with ptosis but to the general poor physical condition 
of the patient and the unsatisfactory abdominal musculature, which 
renders the act of defaecation ineffective. All purgatives should be 
stopped and liquid paraffin given in divided doses after meals in order 
to avoid the formation of scybala. In some cases enemas may be neces- 
Anti- ^ sary. In patients who have attacks of colospasm or muco-membranous 
spasmodks colitis an antispasinodic mixture is often of value, such as tincture of 
belladonna 5 minims, tincture of hyoscyamus 20 minims, and pepper- 
mint water to ^ fluid ounce. This may be taken thrice daily before meals. 
Attitude of In these difficult and distressing cases it is most important for the 
practitioner practitioner to be sympathetic and tactful. When the patient has been 
thoroughly investigated and all findings are negative her practitioner 
must be particularly careful not to convey the impression that he thinks 
there is nothing wrong or that the patient’s ills are purely imaginary. 
Such an attitude at once makes the patient lose confidence and further 
co-operation between patient and practitioner is impossible. It should 
be explained to the patient that the digestive mechanism, though perfect 
in itself, depends for its satisfactory functioning on nervous control. 
Examples may be given of the effects of exhaustion, anxiety, or fear 
on the appetite and digestion. The mechanism of aerophagy should 
be explained to patients who are troubled with eructations and bor- 
borygmi (see Aerophagy, Yol. I, p. 256). As a rule these symptoms are 
attributed to ‘fermentation’ and if the real nature of the condition is 
explained symptoms are often much relieved. An unfavourable environ- 
ment may often play an important part but unfortunately this is often 
an unavoidable factor. A sympathetic and confidential talk may, how- 
ever, be of the greatest value in helping the patient to adapt herself. 

Surgical 

The only two conditions associated with ptosis in which any surgical 
interference is justifiable are DietTs crises (see Vol. VII, p. 390) and 
duodenal ileus (see Vol. YII, p. 250). 

Since about the beginning of this century innumerable operations have 
been devised for the supposed replacement of dropped organs, and the 
results are almost always disastrous. Sometimes as a result of the rest 
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enforced by the operation and perhaps the personality of the operator 
there may be a short temporary' improvement but usually within six 
months the patient is as bad or worse than before operation. In such 
cases the recurrence of symptoms is often attributed to ‘adhesions’ and 
the patient is lucky if she is not subjected to secondary operations. 
Fortunately surgeons have become more hesitant than formerly about 
operating on chronic abdominal invalids. At Guy’s Hospital in the 
five years 1927 to 1931 there were only five nephropexies and only 
two colopexies performed. This is a striking contrast to the figures for 
1920 to 1924, when there were 15 nephropexies and 30 colopexies, and 
for the years between 1911 and 1915 when there w^ere no less than 
286 colectomy and short circuit operations, most of which were per- 
formed on patients of the type often grouped as visceroptosis. Unfor- 
tunately since about 1920 there has been a big increase in the number of 
operations for chronic appendicitis, many of which have been performed 
for the cure of vague dyspeptic symptoms. 
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VISION, SYMPTOMATIC 
DISTURBANCES 

See Ascariasis, Vol. II, p. 151; Dietetic Deficiency Diseases, 
Vol. IV, p. 57; Epilepsy, Vol. V, p. 103; Jaundice, Vol. VII, 
p. 266; Migraine, Vol. Vni, p. 607 ; Psychoneuroses and 
Psychotheraphy, Vol. X, p. 246; Vitamins, p. 594; and 
other strictly eye conditions appearing under their own titles 
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l.-DEFINITION 

1601.] Vitamins may be defined as substances distributed in foods in 
quantitatively small amounts, distinct from the main components 
(carbohydrate, fat, protein, mineral salts, and water) which are needed 
for the normal nutrition of the organism, and absence of which is the 
cause of specific deficiency diseases’. The more important of these 
vitamins, from the standpoint of clinical medicine, are no doubt the 
following, (a) Water-soluble group: (i) vitamin B^, which protects 
against beri-beri and nutritional polyneuritis; (ii) the "P-P’ or pellagra- 
preventing factor, a part of the so-called Vitamin B^ complex’; and 

(iii) vitamin C which protects against scurvy, (b) Fat-soluble group: 

(iv) vitamin D which protects against rickets, as well as osteomalacia 
and nutritional tetany, and (v) vitamin A, the ‘anti-xerotic’ factor. 
Vitamin E (anti-sterility factor) is probably of significance for human 
beings, and vitamins ‘P’, ‘H’, and others (see p. 598) possibly so. For 
chemical names or other synonyms see p. 575. 


2-FnSTORICAL 

Recognition of the existence of vitamins has grown gradually. The 
first step in a long series of developments leading eventually to the 
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‘vitamin hypothesis' may be discerned in some early observations on 
deficiency diseases, especially on scurvy and beri-beri. 

Early in the seventeenth century (1601) Sir James Lancaster intro- 
duced the regular use of oranges and lemons into the ships of the 
East India Company as a preventive against scurvy. Many others, 
during the seventeenth and eighteenth centuries, repeatedly confirmed 
the fact that fresh fruits and vegetables were effective in curing or 
preventing the disease. In 1885 Takaki was able to stamp out beri- 
beri in the Japanese navy by changes in the diet. The nature of the 
dietetic error responsible for these two diseases, however, was not yet 
understood, although it may be recalled that a far-sighted physician 
had predicted in 1840 that scurvy is Mue to the lack of an essential 
element which it is hardly too sanguine to state will be discovered by 
organic chemistry or the experiments of physiologists in a not too 
distant future’ (Budd). Towards the end of the nineteenth century the 
view began to be expressed by paediatricians that ‘rickets is produced 
as certainly by a rachitic diet as scurvy by a scorbutic diet’. 

In 1890 Eijkman, in the Dutch East Indies, made the important dis- 
covery of experimental beri-beri in fowls. From 1890 to 1897 he carried 
out the earliest work on the extraction of the antineuritic substance 
(now called vitamin B^), which he found to be present in the bran of 
rice but not in polished rice. But the first to appreciate clearly that 
beri-beri was due solely and simply to a dietary deficiency and was 
not caused by any positive agent or toxin, was Eijkman’s collaborator, 
Grijns (1901). In 1907 Holst and Frdlich in Christiania discovered 
experimental scurvy in guinea-pigs. With Eijkman’s pioneer work on 
beri-beri in mind they considered this likewise to be a deficiency disease 
and set out to examine the properties of the anti-scorbutic substance 
(now vitamin C). 

By 1906 Hopkins could refer to scurvy and rickets as ‘diseases in 
which for long years we have had knowledge of a dietetic factor’. He 
realized, moreover, that the errors in the diet ‘although still obscure’ 
were ‘certainly of the kind which comprises the minimal qualitative 
factors’. In 1912 Funk, then working on the anti-beri-beri factor, 
propounded his ‘vitamine’ theory — ^i.e. he postulated the existence 
of separate anti-beri-beri, antiscurvy, antirickets, and antipellagra 
‘vitamines’ . 

In the meantime experiments had been in progress attacking the 
problem from an entirely different angle — ^investigating not deficiency 
diseases as such but determining what constituted a physiologically 
complete diet. Lunin, a pupil of the Swiss biochemist Bunge, first 
showed in 188 1 that animals failed to thrive when kept on an artificial 
regimen comprising the then known constituents of food, i.e. re-purified 
fat, protein, carbohydrate, mineral salts, and water. He concluded that 
‘a natural food such as milk must therefore contain besides these known 
principal ingredients small quantities of other and unknown substances 
essential to life’. Similar conclusions were reached by various other 
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workers, of whom the most notable were Socin (1891) and Stepp (1909); 
mention must also be made of Coppola (1890), Hall (1896), Hanser- 
mann (1897), Henriques and Hansen (1905), Falta and Noeggerath 
(1906), and Jacob (1906). The eminent Dutch physiologist Pekeiharing 
published in 1905 the statement — generally overlooked at the time — 
that the unknown substances must be elffective in very minute amounts, 
for he had found that quite small supplements of natural foods added 
to the artificial synthetic ration were sufiBcient to alfford protection. An 
independent and more detailed study by Hopkins (1912) had as its 
principal conclusions; (i) that an insignificantly small addition of milk 
would suffice to render the purified diet adequate; and (ii) that the 
animals ceased to grow while still eating sufficient m quantity to support 
good growth. 

The year 1912 may be said to mark the beginning of modern intens- 
ive work on vitamins. Hopkins’ celebrated paper and Funk’s review, 
published a few months earlier, for the first time attracted world- wide 
attention to ‘the vitamin question’. For a few years longer nevertheless 
the existence of vitamins was still disputed. 

In 1929 the importance of the pioneer experiments of Eijkman and of 
Hopkins was recognized by the award to them jointly of the Nobel 
Prize for Medicine. 


3.-CLASSIFICATION AND ENUMERATION 

(1) — Separation of Tat-Soluble’ and ‘Water-Soluble’ Factors 

The first real indication of the multiplicity of vitamins came in 1915 "Fat-soluble 
when McCollum and Davis in America showed that, with the rat as an 
experimental animal, at least two accessory factors were needed for 
growth. One was present in fatty and the other in non-fatty foods. 

These were named respectively ‘fat-soluble A’ and ‘water-soluble B’. 

(2) — Growth of the Vitamin Alphabet 

Before long it became recognized that what was called ‘water-soluble Vitamin B 
B’ had the properties of the antineuritic (anti-beri-beri) ‘vitamine’. To 
avoid confusion the two systems of nomenclature were combined. At 
the suggestion of J. C. Drummond ‘water-soluble B’ was re-named 
vitamin B, the terminal e of the word vitamine being omitted to avoid 
any unwarranted implication that it was of the chemical nature of an 
amine. Similarly ‘fat-soluble A’ was renamed ‘vitamin A’. The most Vitamin A 
noticeable effects of its deficiency were found to include loss of growth, 
xerophthalmia, and increased liability to infection, especially of the 
respiratory system. It soon became apparent that the antiscurvy factor Vitamin C 
had quite different chemical properties from either ‘vitamin B’ or 
‘vitamin A’. It was accordingly given the next letter in the alphabet 
and became vitamin C. A little later it was proved conclusively that Vitamin D 
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experimeatai rickets in dogs was due to the absence of a fat-soluble 
vitamin (Mellanby, 1918). At first it was thought to be identical 
with vitamin A; but, later, differences in distribution and chemical 
properties were established (McCollum, Simmonds, Becker, and Shipley, 
Vitamin E 1922) and it was accordingly named vitamin D. A new factor, vitamin 
E, needed to ensure normal reproduction in the rat, was discovered 
by Evans and Bishop in California in 1923. Confirmatory evidence was 
obtained independently and almost simultaneously by Sure and by 
Mattill, also in America. 

Vitamin In 1926 Goldfaerger proved, as Funk had predicted, that pellagra was 
b”’ caused by deficiency of a vitamin. He showed that it had a distribution 

similar to that of the anti-beri-beri factor but was more stable to heat. 
Accordingly ‘vitamin B’ was then split up into vitamin B^, the anti- 
beri-beri factor proper, plus the new Ba, or more heat-stable com- 
ponent. 

Vitamin B,. Vitamin Ba, thus defined as ‘the more heat-stable part of the “vitamin 
as a complex complex’”, has proved in turn to be itself complex. The first com- 
ponent to be characterized was riboflavin (Kuhn, Gyorgy, andWagner- 
Jauregg, 1933), and the second ‘vitamin (Gyorgy', 1934). In 1935 
Birch, Gyorgy, and Harris showed that the pellagra-preventing factor 
proper was a third component, distinct from both lactoflavin or 
motinic acid vitamin Bg. This ‘P-P’ vitamin has recently been identified with nico- 
tinic acid. It is not yet known if deficiencies of vitamin Bj and lacto- 
flavin occur in man. 

^men^ture United States of America the terms ‘vitamin B’ and ‘vitamin 

nomenc autre qi gomgtjjjjgg yggj ggnse in which vitamin B^ and vita min 

Bg are used elsewhere. 


(3) — ^List of the Better -Known Vitamins 

Comtitution During the last decade (1928-38) the chemical constitutions of the 
an synt esis better-known vitamins (including A, Bj, C, D, and E) have been 
established; they have been isolated in a state of purity; and several 
of them (including A, Bj, C, and E) have been synthesized in the 
’Vitamin A (C,oHggOH) is chemically related to the naturally 
empirical Occurring hydrocarbon ^-carotene (C 40 H 55 ) which shares its biological 

formulae activity. Vitamin Bj (CjgHjjN^OS) has been given the name of aneurin 

. (or thiamin in U.S.A.). Vitamin C, ascorbic acid (or cevitamic acid in 

U.S.A.) is CgHjOj. There are several forms of vitamin D, the most 
important being calciferol or ‘vitamin Dg’ (CggH^gOH) and ‘vitamin 
Dg’ (C 27 H 42 OH). Vitamin E, a-tocopherol, has the formula C 29 H 50 O 2 ; 
there is also a ^-tocopherol which has similar biological activity (for 
rats). 

Summaries Further information about these factors, and about lactoflavin and 
vitamin Bg (the human relations of which are less clear), is given in 
Tables I and IL 
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acid 

* Relatively more needed during lactation and pregnancy. 
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TABLE II.— Sources of Better-Known Vitamins 

^ Principal Sources (with Approximate 

Acttvity,* I.U. or mgm. per 100 grams) 


Vitamin A 


D 




P-P 


Riboflavin 


Vitamin C 


Halibut-liver oil 

3,000, 000-15, 000, 00( 

Cod-liver oil 

50,000-200,000 

Liver, calf 

50,000-150,000 

Butter 

2,000-3,000 

Red-palm oil 

50,000-200,000 

Spinach 

3,000-10,000 

Carrot 

2,000-6,000 

Tuna-liver oil 

2,000,000-6,000,000 

Halibut-liver oil 

100,000-300,000 

Cod-liver oil 

10,000-30,000 

Herring-body oil 

10,000-20,000 

Cacao-shell oil 

30,000 

Egg yolk 

200-400 

Butter 

10-100 

Wheat-germ oH 

. 

Rice-germ oil 


Cotton-seed oil 


Green leaves 


Dried brewers’ yeast 

1,000-2,000 I.U 

Barley germ 

1,500 

Wheat germ 

500-1,000 

Rice bran 

500 

Oatmeal 

300 

Wheat, whole grain 

100-200 

Wholemeal bread 

^ 100 

Peas 

100 

Haricot beans 

100 

Egg yolk 

100 

Yeast 


Liver 


Wheat germ 


Salmon 


Egg yolk 


Fish muscle 


Cereals 


Molasses 


Yeast 


Kidney 


Liver 


Egg white 


Milk 


Black currants 

200 mgm. 

Paprika 

200 

Orange-juice 

5(A70 

Lemon-juice 

40-60 

Cabbage 

30-60 

Spinach 

30-60 

Tomato-juice 

20-30 


Activities vary considerably from specimen to specimen, and these figures should be 
taken merely as representative of an average range of values. Individual samples may be 
considerably higher or lower — seeFixsen and Roscoe (1938). 
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4-WATER-SOLUBLE VITAMINS 

(1) — Vitamin Bi and Beri-Beri 

(a) Vltamin-Bi Deficiency 

1602.] In man, as in experimental animals, beri-beri (see Vol. 11, p. 314) Identity of 
results from the consumption of a diet deficient in vitamin — e.g. a 

regimen of polished rice, or the too exclusive use of white bread. The berPberi 
principal features include loss of appetite, marasmus, cardiac abnorm- 
alities, paresis or paralysis, and sometimes oedema; the characteristic 
lesion is a demyelination of peripheral nerves, the so-called polyneuritis. 

Any lingering doubt about the identity of clinical beri-beri with Cure with 
avitaminosis must now be set at rest since it has recently been 
repeatedly demonstrated that a spectacular cure follows treatment 
with massive doses of the pure crystalline vitamin (see, for example, 

Hermano and Eubanas, 1935; Platt and Lu, 1936; Hawes et ah, 1937; 

Hashimoto, 1937; Yudkin, 1938). In severe cases, or in Tulminating’ 
beri-beri with cardiac failure, doses of as much as 3,000 units are 
given, by injection. 

Beri-beri is still very prevalent in the East Indian Archipelago and in Prevalence 
parts of Japan, China, and South India. For example, in Japan 10,000 
to 20,000 deaths yearly were recorded during the period 1928-32. 

The daily requirement for vitamin B^ for an adult is probably some- Bi require- 
where between 300 I.U. — described as the ‘physiological minimum', 
and 600 I.U. — the ‘desirable intake' (Baker, Wright, and Drummond, 

1937). Relatively more is needed by pregnant and lactating females, 
and also by infants and growing children and those doing severe 
physical exercise. 

In North America a series of carefully controlled dietary experiments Hypovitamin- 
suggests that a partial deficiency of the vitamin (hypovitaminosis) may 
be not uncommon even under Western conditions. The symptoms are 
somewhat vague but include diminished appetite, subnormal gains in 
weight, and sometimes hypotonicity of the gastro-intestinal tract and 
constipation. The indication of a deficiency is generally furnished by 
the improved rate of growth seen when extra vitamin B^ is given, e.g. in 
the form of wheat germ or preparations of wholemeal cereals. 

An important advance in the past few years has been the recognition 
that polyneuritis, or other symptoms of avitaminosis B^, may not 
uncommonly be caused by a ‘conditioned deficiency’ due, that is, to Conditioned 
a faulty absorption of the vitamin (as with a gastro-intestinal obstruc- deficiency^ 
tion) or to loss of appetite. Alcoholic polyneuritis and polyneuritis in 
pregnancy are examples. Opinion at present is rather divided on the 
question whether certain other types of neuritis may respond to large 
doses of vitamin B^ (see Vorhaus, Williams, and Waterman, 1935), but 
there is growing evidence that a number of obscure cardiac disorders* 
may be related to deficiency of the vitamin (Weiss and Wilkins, 1936; 

Abt, 1935). 
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Tests on urine have been introduced to determine the level of nutrition 
of the human subject with regard to vitamin Bj, and hence to diagnose 
the presence or absence of a state of deficiency (Harris and Lcong, 
1937; Harris, Leong, and Ungley, 1938; Wang and Harris, 1939). 

In beri-beri or in nutritional polyneuritis treatment is best effected 
by crystalline vitamin Bi or at least a highly potent concentrate; a 
nourishing mixed diet is also provided to rectify any other concurrent 
errors. When it is desirable to increase the intake of vitamin as a 
general prophylactic measure, this can readily be done by the addition 
of wheat germ or by the substitution of wholemeal for white bread. 
In the East parboiled or unpolished rice should be substituted for 
polished rice; or peas, beans, or lentils may be provided. Tiki-tiki 
(extract of rice polishings) and dried yeast have also been used success- 
fully. Certain yeast-extracts are relatively inactive. 


ih) Properties of Vitamin Bi 

Thirty years of intensive effort by investigators all over the world 
preceded the eventual isolation of crystalline vitamin Bi by Jansen and 
Donath in 1926. A distinctive feature from the chemical standpoint is 
the presence of sulphur in the molecule (Windaus et al, 1932). A struc- 
tural detail proved by synthesis and especially worthy of note is the 
peculiar thiazole ring system, linked with a substituted pyrimidine 
ring (Williams and Cline, 1936; Andersag and Westphal, 1937; Todc 
and Bergel, 1937). 

Vitamin Bi is a base, forming salts, e.g. the chloride-hydrochlorid< 
shown in the structural formula below. The fact that it is fairb 
readily destroyed by heat explains why it is absent from certain caiinec 
products or sterilized foods. It is easily soluble in water and alcoho 
but notin fat solvents. It can be adsorbed on fullers’ earth and certaii 
other substances: the ‘pulvis vitamin! B^’ of the British Pharmacopoci: 
is such an adsorbed preparation, supplying 100 units per gram. Its lis( 
in clinical practice is now being largely superseded by the pure cryslallim 
vitamin. 


N= C — 

Me-C C — 


N CH 


■NH2,HC1 



C.CH^.CHj.OH 



Cl 

Chloride-hydrochloride of vitamin 


Vitamin B^ is widely distributed, but in moderate amounts only, i 
most natural foods. The best sources include wheat germ, wholemCci 
cereals, dried yeast, and pulses. White bread contains negligibl 
amounts, but it is present in wholemeal bread or in ‘germ bread’. Th 
classical methods of assaying for vitamin B^ were by the cure of pol) 
neuritis in pigeons or by growth-tests on rats; more recently an eleclrc 
cardiological method has been introduced and chemical procedures at 
now being worked out. 
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((■) Physiological Action of Vitamin 

It is now known that vitamin B, is concerned in the intermediate Relation to 
metabolism of carbohydrate. In animals or humans suffering from a ‘'i^etabolism^ 
deficiency of the vitamin, excessive amounts of lactic and pyruvic acids 
accumulate in the blood and tissues. Administration of vitamin 
rectifies this metabolic error by accelerating the removal of these sub- 
stances. In fact it has recently been proved by Lohmann and Schuster 
(1937) that a pyrophosphate ester of vitamin B^ functions as the co- 
enzyme needed by the enzyme carboxylase. (Carboxylase is an enzyme 
concerned in the break-down of pyruvic acid in the intermediate meta- 
bolism of carbohydrates.) Peters (1936) had previously shown that 
vitamin B^ in vitro can restore the lost oxidative activity to avitaminous 
tissues respiring in the presence of pyruvic or lactic acids. 

(2) — Vitamin Complex and the Pellagra-Preventing (P-P) Factor 

1603.] At one time pellagra was commonly spoken of as being caused 
by a deficiency of vitamin Bo. As mentioned on page 574, it is now 
recognized that vitamin Bo is a complex consisting of several different 
vitamins, of which the pellagra-preventing (P-P) factor, nicotinic acid, 
is but one constituent. 

(«) Pellagra in Man anti Experimental Animals 
Pellagra in man is associated with subsistence on a one-sided diet — Pdlagm mid 
generally one that is composed principally of highly milled maize, 
c.g. in the Three Ms’ of the southern states of the U.S.A., maize, 
molasses, and meat (salt pork). The consumption of maize, however, 
is by no means a necessary condition for its production, a.s is shown 
by its incidence in certain institutions for the insane and in other 
places where maize is not included in the dietary. In this connexion 
too the fact that pellagra may occur as a ’conditioned deficiency’ (sec 
p. 577) in alcoholic addiction and other disorders should be borne 
in mind. The view that a toxin present in deteriorated maize causes 
the disease does not seem in conformity with the observation that 
experimental pellagra, whether in man, dog-s, monkeys, or pigs, can 
be produced by diets not necessarily containing any maize and can be 
as abruptly and dramatically cured by administration of the appro- 
priate vitamin- i.c. nicotinic acid. 

The principal centres of endcmicily of human pellagra arc in the Prcridcuce 
southern states of the U.S.A., Lgypt, Italy, and the Balkan States. 

In the Mississippi ba.sin and neighbouring districts 170,000 ca.ses arc 
reported to have occurred in 1917 and 120,000 in 1927; according to 
ollicial returns the number of deaths in the United Stales was more 
than 10,000 in 1915, or 7,000 in each of the years 1928, 1929, and 1930. 

In Rumania 75,000 cases occurred in 1920, and in Italy 34,000 in 1910. 

The disease in Luropc is much less severe than that in America and Clinical 
the mortality rate far lower. As the pellagra-producing diet has been Awractenst 
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described as ‘the three Ms’, so the most characteristic aspects of the 
clinical picture have been named ‘the three Ds’ — diarrhoea, dermatitis, 
and dementia. The dermatitis, with its symmetrical distribution on the 
hands, the forearm, and the face, is the most diagnostic feature. (Fcr 
clinical picture see Pellagra, Yol. IX, p. 473.) 

[b] Dietary Origin of Pellagra 

Proof that pellagra was not conveyed by infection but was a deficiency 
disease was first furnished by Goldberger and his co-workers (1914 and 
1915), who in the first place pointed out that those who fell victims to 
the disease were existing on a poorer diet than those in the same com- 
munity who escaped, e.g. the doctors and nurses in hospital. Secondly, 
he was able invariably to cure, prevent, or produce pellagra experi- 
mentally in human subjects by dietary changes. All attempts to convey 
the disease by inoculation with extracts of blood, nasopharyngeal dis- 
charges, faeces, urine, or desquamating epithelium failed. 

(c) The Pellagra-Preventing Factor 

For some years, about 1916-26, it was believed that an inferiority 
in the biological value of the protein consumed was the cause of 
pellagra. According to this view pellagra could be regarded as due to 
the deficiency of some essential amino-acid, perhaps tryptophane. Dis- 
proof came when Voegtlin in 1920 cured pellagra with protcin-frcc 
and amino-nitrogen-free extracts. These extracts, as Voegtlin showed, 
were often rich in ‘vitamin B’, as measured by growth-tests on rats. 
Nevertheless, certain more highly purified concentrates of the anti- 
neuritic vitamin were not necessarily effective. In other words the 
anti-pellagra factor seemed to be something in the crude vitamin B 
other than the part now called Goldberger in 1926 gave conclusive 
proof of this distinction; he showed that the pellagra-preventing factor 
differed from the antineuritic in at least three respects, (i) distribution, 
(ii) heat stability, and (iii) solubility. 

This advance was made possible by the discovery by Goldberger of 
an experimental condition in dogs, black-tongue, analogous with human 
pellagra. Since then pellagra has been produced in monkeys (Harris, 
1937, c; 1938) and in pigs (Birch, Chick, and Martin, 1937; Chick ei 
aL, 1938). The disease in these animals is prevented by the same means 
as human pellagra. Rats, on the other hand, do not develop symptoms 
of disease when kept on a diet which will give rise to pellagra in man, 
dogs, monkeys, or pigs. A condition accepted by Goldberger as being 
‘rat pellagra’ has since been shown to be of a different nature. 

As already mentioned, Birch, Gyorgy, and Harris in 1935 characterized 
the P-P factor as a third component of the vitamin Bg complex (the 
heat-stable part of vitamin B) different both from this ‘rat pellagra 
factor and from riboflavin (see p. 574). In 1937 Elvehjem and hh 
collaborators tested nicotinic acid, a substance already known to have 
a function in at least two intracellular respiratory enzyme systems 
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upon dogs with pellagra (black-tongue) and found it to be active. 

Very soon afterwards nicotinic acid was tried in human pellagra 

by three different groups of investigators and at once met with un- 

aualified success. Nicotinic acid has the simple constitution of B- Chemical 
^ .. , . I • 1 . • r • 1 constitution 

pyridinecarboxylic acid. The acici amide (a lorm in which it occurs of nicotinic 

in nature) is also effective; but many other related substances are 

inactive. 



Nicotinic acid Nicotinamide 


A suitable curative dose seems to be about 500 mgm. per day given Dosage 
cither orally or by injection. An improvement is generally visible within 
twenty-four hours, and after a, day or two any abnormal excretion of 
porphyrin disappears from the urine. As the patient is likely to be 
suffering from other concurrent deficiencies, the need for a well 
balanced nourishing diet deserves to be emphasized. If adequate Prophylaxis 
amounts of protein foods (meat, fish, milk, or cheese) together with 
fresh fruit or vegetables arc included in the diet, pellagra docs not 
occur. The problem is generally an economic one. 

As shown by Goldbcrgcr, most protein foods arc good sources of the Distrihuthn 
P-P factor. Yeast, fresh or canned salmon, and certain liver extracts arc 
particularly potent. Lgg white is probably inactive although it contains 
abundant ribollavin. 


(cl) Other Components of 11^ Complex 
The exact chemical nature of vitamin B,, (adermin, rut-pellagra factor) Vitamn Ba 
is not yet certain but it has boon isolated and its hydrochloride has 
the empirical formula Cyi,o().jNC'l. Ribollavin (or lactollavin) is an mbojlavin 
alloxa/inc derivative with the following structure: 

on on oil 

I I I 

cii. ... - o : h, on 



o 

Ribollavin 


Nothing is known with certainty about the occurrence of a deficiency possible 
of Ihcsc two substances in man; but it has been suggested that some 
obscure tropical dermatoses may be related to them, and a trial would vitamin Ifi 
certainly be worth while in such conditions. Gybrgy suggested that 
acrodynia (pink disease, SwilVs disease, see Vol. IX, p. 603) may be 



Anti-anaemic 

extrinsic 

factor 


Early history 


Aetiology: 

experimental 

scurvy 


Incidence 


Clinical 

picture 


5g2 VITAMINS [vol. xii 

a symptoni of lack of vitamin but here again fuithci work is 
necessary. It may be noted that in rats deficiency of vitamin takes 
the form of a symmetrical dermatitis, attacking particularly the ex- 
tremities (fore and hind paws, ears, and nose). Riboflavin is needed 
by rats and by dogs, a deficiency producing in the former an atypical 
dermatitis and in the latter a condition known as yellow-liver (Sebiell 
and co-workers, 1937). There is no doubt that it plays an important 
part as a respiratory enzyme in the mammalian organism. Experi- 
mentally in man a deficiency is said to give rise to cheilosis (lesions on 
the lips and in the angles of the mouth) (Sebrell and Butler). 

The extrinsic factor of Strauss and Castle has a distribution and a 
stability to heat resembling that of the vitamin B 2 complex. It is, how- 
ever, distinct from riboflavin, vitamin B^, or the P-P factor (Birch, 
Gyorgy, and Harris, 1935). 

(3)— Vitamin C and Scurvy 

(a) Scurvy: Avitaminosis C 

1604] Since the seventeenth century it has been known that scurvy, 
typified by its characteristic haemorrhages, inflamed gums, and loose 
teeth, arose from the use of a diet devoid ol fresh foods and that it 
could be cured by raw fruits or greenstufifs. Early records show that the 
disease was prevalent not only among seamen and armies in the field 
but among whole populations in northern latitudes, especially during 
the winter and spring months. By the nineteenth century scurvy was 
eradicated from the Navy and the Mercantile Marine by the provision 
of fruit juice. 

The proof that scurvy had its origin in the deficiency of a specific 
vitamin and was not due (as had been supposed) to a bacterial infection, 
acidosis, or constipation, depended on the production of the disease 
experimentally in guinea-pigs (Holst and Frolich, 1907 and 1912). 
Experimental scurvy has been described also in monkeys; but it is of 
interest to note that dogs, rats, fowls, oxen, pigs, and so far as is 
known all other species are able to synthesize the vitamin in the body 
and so can dispense with it from their diet. 

Scurvy is still endemic in a number of regions, e.g. in the Arctic and 
among mine-workers in South Africa. During the War 1914-18 out- 
breaks on a smaller or larger scale occurred among the civilians in 
every one of the belligerent countries (including the United States and 
Great Britain), and among the troops at the various fronts there were 
many thousands of cases. To-day, in the temperate zones, only isolated 
instances of the definite avitaminosis can be expected, however prevalent 
a partial deficiency, or hypovitaminosis, may be. But the diagnosis 
of scurvy is still often missed, because it is not looked for. A not- 
uncommon cause of the disorder, as mentioned below (p. 586), is a 
restricted diet given as a result of medical treatment. 

The onset of scurvy is insidious; the picture first is one of general 
weakness, including pallor, breathlessness, sunken eyes, atid a gradual 
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impairment of appetite and digestion. The temperamental effects were 
described by Lind (1757) as simulating 'sloth and laziness’. Later there 
may be pain in the limbs. The two most characteristic symptoms, which 
take at least four months to develop on a scurvy-producing diet, are 
(i) swelling of the gums and (ii) multiple haemorrhages; there is also 
(iii) a secondary anaemia. 

In well developed cases in which the haemorrhagic lesions are Diagnosis 
prominent the diagnosis is usually straightforward, and in doubtful 
cases, e.g. in which a differential diagnosis from other purpuric disease 
is needed, a knowledge of the past diet and the rapid improvement 
when treatment with vitamin C is started often settles the question. 

Conclusive proof of a scorbutic state can be obtained from a chemical 
examination of the urine (see p. 584). 

Scurvy in infants was long given the misnomer scurvy-rickets, and Infantile 
it was not until 1883 that the error was pointed out by Barlow—hence 
the additional synonym Barlow’s disease. There is no lack of statistics, 
dating I'rom the end of last century, emphasizing its correlation with 
the use of sterili/cd or proprietary foods. As pointed out by Harris 
and Ray (1935), specimens even of fresh cows’ milk have only one-third 
or one-quarter of the antiscorbutic activity of human milk, and by the 
time they have been pasteurized, left standing, and again heated, little 
even of this may be left, h’or more than a decade it has been the 
orthodox leaching that the bottle should be supplemented with orange 
juice; but it is surprising how many mothers do not think it necessary 
to follow the advice of the welfare centre on this point. 

Diagnosis in acute infantile scurvy may be based on: (i) tenderness Clinical 
in the lower limbs, (ii) subperiosteal haemorrhage with swelling near 
the lower end of the femur, (iii) radiological appearance of the long scurvy 
bone showing cessation of osteogenesis (Bromcr, 1928), (iv) chemical 
analysis of urine in saturation tests (see p. 584), and (v) knowledge of 
past diet and rapidity of cure with vitamin C. The period of develop- 
ment is about eight months, and most cases arc seen between the ages 
of 6 and 18 months. Uie clinical picture, both in adult and infantile 
scurvy, is discussed more fully under the title Scuirvy (see Vol. XI, 

P- 49). 

The treatment for scurvy is a diet enriched with vitamin C, cither in yuaniin C 
the form of orange juice, or preferably large doses of ascorbic acid. 

For an adult 700 mgm. per day o(' the crystalline material may be 
given and for an infant 20 to 40 mgm. has been found adectuate. An 
improvement can generally be detected in 24 to 48 hours and the 
cure may be complete within about 2 to 3 weeks. F'or prophylaxis Prophylaxis 
an orange each day, or its equivalent, is sufficient for an adult. An 
infant receives about 30 to 50 mgm. of ascorbic acid daily in average 
human milk (Harris and Ray, 1935) and this figure gives a basis for 
calculation of normal needs, VUamln C 

Treatment with vitamin C has been recommended for a number of 
haemorrhagic conditions other than scurvy, but there is no evidence scurvy 
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that it is effective. In infectious diseases, however, tlic need for the 
vitamin is increased, and special provision of it should be made (cf. 
below and p. 585), 

(b) Vitamin- C Requirements: Hypovitaminosis C and its 
Detection 

For many years it has been maintained by a number of paediatricians 
that incipient, latent, or subacute scurvy in infants is relatively common 
but often escapes diagnosis or is mistaken for rheumatism (Hess, 1916, 
1920; Comby, 1921). A difficulty was that the symptoms were described 
as vague: the child was sallow and fretful but not wasted. Provision 
of additional antiscorbutic food was said to lead to improved stamina 
and growth and lessened irritability. Similar suggestions have been 
made about a condition of sub-scurvy in adults (Steffmsson, 1918; 
Sherman, 1927; Abs, 1928), and also in experimental animals (Meyer 
and McCormick, 1928). Recently it has become possible to examine 
the question on a more qualitative basis. This involves the determina- 
tion of vitamin requirements and tests of the level of nutrition. 

The physiological minimum for an adult is believed to be about 
25 mgm. of ascorbic acid daily; this figure has been arrived at in two 
ways, (i) It is the equivalent of the amount of lemon juice which had 
been found to be necessary to counteract incipient symptoms of scurvy, 
according to some old observation in the Navy, (ii) It is the daily dose 
needed to restore to normal and to keep normal a diminished capillary 
resistance, arising as a result of a shortage of vitamin C (Gothlin, 
1934). With hard physical effort the need for the vitamin is increased 
as it is also during pregnancy and lactation. In fever again there is 
an increased demand (see Harris, 1937, a). Children probably require 
about twice as much as adults per unit of body weight. 

Two methods are available for assessing the level of nutrition of the 
subject with regard to vitamin C. The first depends on a measurement 
of capillary fragility and the second on an analysis of urine or other 
body fluids. 

The capillary-fragility test, as described by Gothlin (1933, 1937) and 
Dalldorff (1934) has the disadvantage that it is only able to detect a 
fairly advanced or established state of deficiency. The further criticism 
that an increased capillary fragility is not pathognomonic for scurvy 
is less cogent, provided it can be shown that the patient has his resist- 
ance restored to normal after treatment with vitamin C. The latter 
procedure, however, is not always feasible, and as a Gothlin test cannot 
be repeated on the same subject more often than about once in ten 
days, the practical possibilities of the method are unfortunately some- 
what restricted. 

The urine (saturation) test for hypovitaminosis involves the measure- 
ment of the amount of vitamin C excreted in the urine both before 
and after a series of test-doses. The greater the deficit in the past intake, 
the smaller will be the excretion and the greater the number of daily 
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test-doses needed to bring about a state of saturation, i.e. to give rise 
to continuous large overflow into the urine. In cases of well developed 
scurvy no response may be seen for many days, until a total of perhaps 
7 to 14 grams of ascorbic acid have been given in the test-doses. Inter- 
mediate degrees of dclicicncy show intermediate responses. 

As to normal standards, it has been found that subjects receiving the Stamford of 
minimal optimal requirement of 25 mgm. per day referred to above 
excrete at a level of not less than about 13 mgm. per day (titration with 
2 :6-dichlorophcnolindophcnol, calculated as free ascorbic acid) and 
show good responses to standard test-doses (700 mgm. per 10 stone 
of body weight) generally on the first and certainly on the second day 
of test. Hence it is legitimate to conclude that if the response is less 
than this some degree of siibnormality is present. (For details of these 
quantitative aspects and description of technique see Abbasy, Harris, 

Ray, and Marrack, 1935; Abbasy, Harris, and Hill, 1937; and Harris 

and Abbasy, 1937.) For any given intake the excretion is decreased Diminished 

in infectious diseases, notably so in pulmonary tuberculosis (Abbasy, 

Harris, and Hllman, 1937). An estimate of the level of nutrition can 
also be gained from tests on blood or cerebrospinal lluid, but the 
procedures arc less simple and have not come into such wide use as Other tests 
the urinary tests. 

Surveys on subjects of the voluntary hospital class in Great Britain, Prevalence of 
c.g. at Cambridge, L.ondon, and Wolverhampton, show that as many C 

as 70 per cent of them may be below standard judged by the urinary 
excretion test (sec Harris, Abbasy, Yudkin, and Kelly, 1936; Dyke, 

1937). Control subjects at institutions, schools, convalescent homes, 
and elsewhere, who have received their reputed requirements of the 
vitamin, have been above standard and so have professional and 
middle-class people who take fresh fruit regularly. Such a high incidence 
of subnormality may perhaps be surprising, but it must be recalled 
that, as the surveys of Orr (1936) have shown, more than half the 
population in Great Britain does in fact receive less than the reputed 
optimal allowance o(' vitamin G. In countries where the intake of 
fresh fruit is more adequate, the values in the excretion test are corre- 
spondingly higher and subnormality seems rarer e.g. in Holland, 
among city workers in Sweden (Fckclen and WollV, 1936; Filler and 
Malmberg, 1935), and in Palestine. It need not be supposed that all 
individuals who are below standard necessarily show any clearly 
recognizable clinical symptoms any more than do women or children 
who, on laboratory examination, arc found to have some degree of 
nutritional anaemia. But there is reason to believe that, in both instances, 
better health results if the deficiencies arc made good. 

In examining the vitamin reserves of subjects of the voluntary-hospital Sarny in 
class, Harris, Abbasy, Yudkin, and Kelly (1936) were struck by the fact 
that a disproportionate number of those found to be subnormal were diets 
sulTerers from gastric and duodenal ulcers, or patients kept for other 
reasons on 'gastric diets’. I'hcy emphasized the need of supplementing 
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these diets with vitamin C. The absence of the vitamin constituted a 
vicious circle as it was in itself calculated to delay the healing process. 
Archer and Graham in 1936 examined 9 patients with gastric and duo- 
denal ulcer and found 6 out of the 9 Vcrc in the sub-scurvy state'. 
Platt (1936) recorded 4 cases of developed scurvy which had resulted 
from the prolonged use of "gastric diets’ — "the correct diagnosis had 
not been made in any of these cases, simply because it had not been 
considered’. Other examples of frank scurvy caused apparently by the 
use of ‘dyspepsia diets’ have been reported by six or seven recent 
writers. (See also Peptic Ulcer, Vol. IX, p. 520, and Scurvy, VoI. XI, 
p. 53-.) In many hospitals "it is still customary to give little or no fresh 
fruit, the patient being sometimes left to rely for fresh fruit on gifts 
brought in by his friends and relatives, and it is diflicull to avoid the 
conclusion that there is a real danger that the diet may contain less 
than the reputed optimum dose of vitamin C (Harris et al., 1936). 

(c) Properties of Vitamin C 

One of the earliest systematic attempts to isolate vitamin C was made 
by Zilva (1924), who succeeded in effecting a 300-roId concentration. In 
1932 Tillmans and Hirsch at Frankfurt noticed that the reputed anti- 
scorbutic activity of a number of natural products was roughly parallel 
with the presence of a reducing principle, which they suggested might 
be identical with the so-called hexuronic acid previously isolated by 
Szent-Gyorgyi in 1928 from adrenal cortex and cabbage. A little later 
King in America announced the isolation of crystalline vitamin C from 
orange juice and stated that it had the properties of hexuronic acid, 
and almost simultaneously Svirbely and Szent-Gyorgyi in Mungary 
tested hexuronic acid on guinea-pigs and found it to be active. This 
identification was at first disputed, but it could be shown that there 
was an unvarying correlation between, hexuronic acid and the presence 
of antiscorbutic properties (Harris and Ray, 1933, b) and all doubt 
was set at rest when soon afterwards hexuronic acid was synthesized 
and shown to be active (Ault et al.); in 1933 the more fitting name 
ascorbic acid was introduced (Szent-Gyorgyi and Haworth). 

The biologically active form is /-ascorbic acid, the structural formula 
for which is shown below; rf-ascorbic acid, like a number of other 
related products, is inactive. /-Ascorbic acid is now manufiictured on a 
large scale from sorbose and has acquired a considerable clinical use, 


H 



HO OH 


/-Ascorbic acid, vitamin C 



S.KEV 1604] WATER-SOLUBLE VITAMINS 

being actually cheaper unit for unit than orange juice. From a practical 
standpoint, perhaps its most important property is its great instability 
and liability to dcslriiclion by oxidation. This inactivation is greatly ' . 
accelerated by heal and alkali and by the presence of copper, which 
acts as a catalyst. Linder certain mild conditions ol oxidation ascorbic 
'acid can be reversibly transformed to dehydroascorbic acid, which is 
still active; otherwise the activity is lost irreversibly. Unlike vitamin Bj, 
vitamin C cannot be adsorbed on fullers’ earth or charcoal. It dis- 
solves readily in water and methyl or ethyl alcohol but not in iat- 


The best natural sources of the vitamin include the following (ligures 
in brackets arc typical ranges of values for the ascorbic acid content 
in mgm. per 100 g.). Orange juice (50 -70), lemon juice (40 60), tomato 
juice (20-30), pineapple juice (30), and strawberries (50 
green vegetables arc highly active, including fresh spinach (.0-60), 
cabbage (10-60), fresh green peas (20 -30), turnips (20 -40), and green 
leaves generally. S/,ent-Gyorgyi in 1933 discovered that paprika is 
exceptionally potent; and as Olliver (1936) has shown the same is true 
of black currants (values about 200 mgm. per 100 g.; cf. also papaya, 50 - 
100; guava, 50 -100). Fresh meal contains appreciable quantities ol the 
vitamin. Most ageing and drying processes entail a considerable or 
complete loss of activity. Canned fruits and vegetables vary considerably 
in activity, canned tomatoes provirling an example ol a good anti- 
scorbutic agent. In commercial pasleuri/alion of milk the presence oi^ 
copper in the machinery may be responsible for the destruction ol 
the vitamin. Vitamin C’ appears when seeds germinate (burst, 191..), 
and this principle has been pul to practical use in furnishing a supply 
of antiscorbutic food on expeditions and campaigns. A number ol 
foods which arc rich in vitamin B,, including yeast, yolk ol egg, aiu 
cereals, arc entirely devoid of vitamin C\ l-or full lists of ascorbic acid 

contents of foods sec F'ixsen and Roscoc, 193S. ^ 

The standard method of eslimaling vitamin (’ in foodslulls was lor .-l.v.vm' 
a long lime that introduced by Holst, namely, a determination of 
the minimal dose needed to prevent typical signs of scurvy m guinea- 
pigs A more sensitive method is based on the microscopical examina- 
tion of tooth slruclurc (llojer, 1924, 1926; Key and Llpliick. 1931) 

Tillmans observed that many active foodslulls reduced the dyc-stull 
2 : 6-dichlorophcnoliiKlophcnoI and, by the introduction ol a pre- 
liminary extraction process and carrying out the litralion rajiidly in 
acid solution, Harris and Ray (1933, a) made this the basis for a more 
specific quantitative method of chemical estimation (see Birch, Han is, 

and Ray, 1933; Harris, 1937, b). . , , . , . , 

It is supposed that the action of vitamin (' must be linked up in some 
way with its intense reducing action, which is associated with the ' " 
presence of the characteristic cnolic grouping, f'H>l<) <'(UH) . 

Fish and Harris (1934) found lhal cells, such as osteoblasts, odonto- 
blasts, and amcloblasts, lose their normal function in the absence of 
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vitamin C, and they believed that the manifestations of scurvy arc due 
to a loss of activity on the part of the formative cells. Another hypo- 
thesis propounded by Wolbach and Howe (1926) is that vitamin C 
is needed for the production of intercellular substances (see recent 
discussion by Ham and Elliott, 1938). 

One effect of deficiency of vitamin C, certainly in guinea-pigs, is an 
increased susceptibility to infection. There is a wide-spread impression 
that the same is true of human beings. Opinion is still rather divided 
as to how far vitamin C has an influence on immunity reactions (for 
discussion see Harris, 1937, a). 


5 -FAT-SOLUBLE VITAMINS 

(1)— Vitamin D and Eickets 

1605.] The clinical care of rickets is discussed fully under the title 
Rickets (see Vol. p. 671), and the present object is rather to 
emphasize the main underlying theoretical considerations and to 
summarize some of the more salient points. 

(a) Rickets and Allied Disorders 

As mentioned on page 572 Hopkins in 1906 alluded to rickets as a 
disease' ‘in which for long years we have had knowledge of a dietetic 
factor’, and in 1912 Funk postulated that rickets was one of the 
‘vitamine’-deficiency diseases. Conclusive proof of the existence of 
an antirickets vitamin was first given when Mcllanby (1918) showed 
that experimental rickets in dogs could be prevented by the use of 
certain fats in the diet, whereas others were inert. Soon afterwards 
followed the production of rickets in rats (McCollum et ciL, 1921; 
Sherman and Pappenheimer, 1921) and the differentiation of the anti- 
rickets vitamin, then to be re-named ‘vitamin D’, from vitamin A 
(McCollum et aL, 1922). 

It has long been recognized (Palm, 1890) that rickets is most prevalent 
in the temperate zone or wherever the sunlight is deficient, e.g. in 
humid climates, in smoky or overcrowded industrial areas, or where 
the rite of purdah is observed. The influence of sunlight is apparent 
also in the seasonal variation and in the greater susceptibility of more 
deeply pigmented peoples, the so-called ‘racial factor’. Not until 1924 
was the explanation forthcoming of this action of the sunlight— namely, 
that ultra-violet rays falling on the exposed parts of the body are able 
to activate the pro-vitamin and convert it into the vitamin. 

With the growth of knowledge and the spread of the infant-welfare 
movement rickets is becoming less common, and the very severe cases 
once so familiar are now comparatively rare. But it has been emphasized 
that after the winter months and in the absence of preventive treat- 
ment some degree of rickets is almost inevitable among infants in 
such climates as those of Britain or many parts of North America 
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(Gebhart, 1924; J. H. Hess et al, 1930). Such preventive treatment is 
often neglected and recent surveys, in which the modern more sensitive 
methods of diagnosis have been used, have in fact indicated that the 
incidence of mild rickets is still surprisingly high (Newman, 1929; Eliot, 

1925, 1926; Crawford and Williamson, 1930). 

The underlying lesion in rickets is a deficient calcification of the bones, Pathology 
particularly manifested in the newly-forming bone at the epiphysis, 
where the zone of provisional calcification is increased in breadth and 
inadequately mineralized. An irregular growth of the soft osteoid 
tissue follows, and a consequent swelling of the epiphysial junc- 
tion (‘rachitic metaphysis’). The bending of the inadequately calcified 
bones and the overgrowth of osteoid tissue causes the well recognized 
deformities^ — bow-legs, knock-knees, rachitic pelvis, 'green-stick’ frac- 
tures, the enlargement of the ends of the bones, and the beading of 
the ribs. (See also Ricicurs, Vol. X, p. 666, especially Plate X, facing 
p. 669.) 

The immediate cause of the deficient calcification of the bone in rickets Pathogenesis 
is thought to be the low level of the phosphate in the blood, or more 
correctly the low Ca x P product (Ivcrscn and Lenstrup, 1919; Howland 
and Kramer, 1921, 1922, 1923). Ultimately this chemical defect in 
the blood is related to an inadcqiiale 'net absorption’ (see p. 591) 
of the P and/or Ca from the intestine. A low blood P (or Ca x P Diagnosis 
product) is characteristic of active rickets. In fact an analysis of the 
blood, cither for P and ('a or for blood-phosphatase (see Smith, 1933), 
is the only certain method of detecting incipient rickets or mild rickets. 

The radiographic abnormalities at the epiphyses do not become 
apparent until a later stage, but they form the most useful guide in 
following the course of healing. 

From what has been said it will be clear that two factors may be Various 
concerned in the causation of rickets «-(i) the consumption of a 
deficient in vitamin D, and (ii) lack of exposure to sunlight, the ultra- 
violet rays of which are able to generate the vitamin in the body. A 
contributing factor may be a lack of adequate phosphorus or calcium 
in the diet, absolute or relative, or a low 'availability’ of the phosphorus 
(as in the organically combined form of phosphorus in cereals: phytin, 
inositol-phosphoric acid (see Bruce and Callow, 1934), F. Mcllanby 
(1937) has suggested that cereals ctmtain an anticalcifying fiictor, anti- 
vitamin, or Toxamin’. In experimental animals at least, other conditions 
in addition may intensify the severity ol' rickets, including an increased 
alkalinity, or base-acid ratio of the diet, which serve to diminish the 
availability of the (’a and P. 

It is evident that if rickets is to be prevented. In mu'thern dimalcs at Prophylaxis 
least, the infant’s diet should be supplemented with vitamin 1). This 
may be either in the form of cod-liver oil, or better halibut-liver oil 
or calciferol (crystalline 'vitamin I).3). Perhaps the most convenient 
procedure is to employ an infant food (c.g. dried-milk preparation) 
in which a standardized amount of vitamin D has been incorporated. 
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Success has also attended the use of irradiated milk or of helio- or 
actino-therapy, but these measures are not generally so suitable. 

In curative treatment, hal ibut-liver oil and calciferol have the advantage 
over cod-liver oil that they can be tolerated at a more adequate level 
of antirachitic activity. The optimal prophylactic dose for infants and 
children has been found to be from 500 to 1,500 I.U. daily, and the 
optimal curative dose about 1,000 to 3,000. The minimal toxic dose is 
approximately 10,000 I.U. daily. It is important that the correct dosage 
should be adhered to: the lower limit of toxicity is not far removed from 
the optimal level for most effective curative treatment (see Harris, 1933). 

It has been known since the last century, at least, that rickets is often 
associated with dental caries, and it is now appreciated that vitamin D, 
by promoting the normal calcification of the teeth, aids them to resist 
erosion. Clinical trials have proved that administration of vitamin D 
is one of the factors which can keep in check the spread of caries 
(M. Mellanby, 1934). 

(]y) Vitamin D for Mothers 

The requirement of nursing and expectant mothers for vitamin D is 
increased, and an allowance of about 2,000 T.U. daily may be recom- 
mended. The need is not so much for any effect that the vitamin may 
have on the offspring, or on the milk, which is small in ordinary 
circumstances, but in order to increase the motherks assimilation of 
calcium and phosphate so as to make good that lost to the foetus or 
in the milk. 

(c) Infantile Tetany, 'Coeliac Rickets\ Juvenile Rickets, 
Osteomalacia, 'Renal Rickets" 

Infantile tetany is a nutritional disorder. It is seen in association with 
rickets and its direct cause is hypocalcaemia. It is cured and prevented 
by the same treatment as rickets. The view that tetany is due to ‘mal- 
function of the parathyroid gland’, or to ‘intoxication with guanidine’, 
certainly does not apply to true infantile (nutritional) tetany. In fact, 
treatment by parathormone, which has sometimes been recommended, 
would seem to be inadvisable except as an emergency measure for it 
merely aggravates the underlying metabolic error, causing loss of 
calcium from the body by taking it from the bones. 

Failure to assimilate fat in coeliac disease sometimes leads to rickets. 
This complication can be prevented by the administration of calciferol 
in a non-fatty medium (Parsons, 1927, 1931). 

In western countries adolescent or juvenile rickets is rare, in contrast 
with infantile or true rickets. The latter, in its active form, occurs 
nearly always between the age limits of about six months to two years. 
In Central Europe at the close of the World War, however, juvenile 
rickets was prevalent (Simon, 1921). It is still common in a number of 
eastern countries including India (see e.g. Hutchison and Stapleton, 
1924; Wilson, 1931) and elsewhere, for example, among Finns and 
Laplanders (Kloster, 1931). 
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Adult rickets is prevalent in a number of eastern countries, e.g. in Osteomalacia 
ISlorthern China (Maxwell and Miles, 1925) and in parts of India 
(Vaughan, 1929; Wilson and Surie, 1930). Its cause commonly lies in a 
combination of circumstances; there may be a lack of vitamin D from 
the diet or diminished exposure to sunlight, as when purdah is observed; 
but often also there is an actual shortage of calcium or phosphate in 
the diet. The disease is most commonly associated with pregnancy and 
lactation, being accentuated by the additional mineral loss which then 
occurs. The pathogenesis of osteomalacia is the same as of rickets 
and it yields to the same prophylactic and curative treatment. 

Renal rickets, characterized by a high level of phosphate and a low Renal rickets 
level of calcium in the blood, appears to have its origin in a renal 
abnormality which causes a defective urinary excretion of phosphate. 

It is therefore not, strictly speaking, a nutrilional disorder. (Sec also 
article Ricicurs, Yol. X, p. 672.) 

{d) Mode of Action of Vitamin D 

As was hinted above, a deficiency of vitamin D causes an excessive Excretion of 
faecal excretion of phosphate or calcium or both. Administration of 
vitamin D rectifies the error. This may mean that the vitamin causes 
cither an increased absorption from the intestine or alternatively a 
diminished re-excretion into the alimentary tract. It is not certain which 
of the two processes is more important, and so the action of vitamin D 
may be expressed by saying that it causes an increased hiet-ahsorption’ 

(Harris, 1932 ). This increased net-absorption is rcllccted in a raised 
concentration of phosphate or calcium or both in the blood-stream 
(Iveivscn and Lenstrup, 1919 ; Howland and Kramer, 1921 ). Uiis in 
turn promotes an increased calcification of the bone; in other words 
the defective calcification arises directly from the low blood-phosphorus 
or calcium. In this sense rickets is a disorder not of the bone but of 
the blood. In fact it has been shown that bone will calcify normally 
provided the blood-serum with which it is in contact contains adequate 
phosphorus and calcium (Shipley, 1924 ). 

This concept of the mode of action has been substantiated by observa- fivper- 
tions on the efrects of excessive doses of the vitamin. It has been shown »'haam/(/.v/.v 1) 
that just as deliciency of vitamin 1) causes a low blood-phosphorus 
and/or calcium and consequent deficient calcification, so an excess of 
vitamin D brings about an excessive increase in the blood-phosphorus 
and/or calcium and hence ovcr-calcilieation (see Harris, 1932). 

There is as yet no evidence whether or not the vitamin ticls directly 
upon the function of the alimentary canal. It is true that in certain 
circumstances administration of tlic vitamin can diminish tlie alkalinity 
of the intestinal contents (/aickcr and Maf/ncr, 1923). 'fliis makes the 
calcium and phosphorus more soluble and would account for the 
increased absorption. But this action docs not seem to be general, and 
in any event it lacks explanation. 
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(e) Vitamin D and its Properties 

Vitamin D has the most liniiled distribution of any of the vitamins 
and this explains why special prophylactic measures arc so essential. 
Halibut-liver oil and cod-liver oil and several other fish-Iiver oils and 
fish-body oils are extremely rich sources. Yolk of egg is probably the 
only common food known to contain it in signilieanl amounts. 

The development of knowledge about vitamin I> was made possible 
by the production of experimental rickets in dogs and rats. In the dog 
a diet deficient in vitamin D is sullicicnt to produce experimental 
rickets (E. Mellanby, 1918), whereas in the rat it is necessary to upset 
also the Ca/P balance of the diet (McCollum ct ciL, 1921; Sherman ct at., 
1921). 

The first antirachitic factor to be isolated in crystalline form was 
vitamin Dg or calciferol, a product obtained by the irradiation of 
ergosterol. In outline the successive steps leading to this achievement 
may be summarized as follows: (i) The cure of rickets by actinothcrapy 
(Huldschinsky, 1919), or by irradiation of toodstiilfs (Hess and Wein- 
stock, 1924; Steenbock and Black, 1924) or of crude cholesterol ( Rosen- 
heim and Webster, 1925; Hess and Wcinstock, 1925; Steenbock and 
Blacky 1925); (ii) the identiheation of ergosterol as the pro-vitamin in 
the crude cholesterol (Rosenheim and Webster, 1927; Windaus and 
Hess, 1927); and (iii) the isolation of the vitamin ('rt>m the irradia- 
tion product of ergosterol (Askew ct ai, 1931; Windaus, 1931). 'fhe 
pure vitamin is no less than 4O0,()()() times as active as cod-1 iver oil, 
and one ounce of it would provide a suHicient antirachitic siipplcMucnt 
for one day for more than one million children. It cures rats at the 
level of 1/100,000 mgm. daily or less. It is soluble in the usual fat- 
solvents and is relatively stable to heat, compared for example with 
vitamin C or It has a characteristic ultra-violet absorption spectrum 
which is used in assaying pharmaceutical preparations. Its structural 
formula is shown below. 
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It is only since 1933 that it has been realized that the hiaturar vitamin 
D (vitamin t)^) which occurs in cod-livcr oil is slightly dilfcrcnt 
in structure from, the so-callcd ‘synthetic’ vitamin l> (‘vita mi ti 19.,’), 



s.KEY 1605-1606] FAT-SOLUBLE VITAMINS 

prepared by irradiating ergosterol. Tt has been shown that the vitamin 
in cod-liver oil is identical with a substance which can be obtained by 
irradiating 7-debydrocholesterol (cholestadien-3-ol). Weight for weight, 
calciferol and ‘vitamin D./ are equally active for human beings and lor 
rats, but for chicks the former has only a fraction of the activity of the 
latter. 

cii, on, 

1 I 

cii — (n.-cii.-ciir-c'n 
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Various other lornis of vitamin D have been described, but the matter 
is or more academic than practical interest. Probably ‘vitamin 1).' 
(calciferol) occurs naturally in irradiated vegetable tissues, and vitamin 
D., in most fish oils. 

For the assay of vitamin 1) various alternative procedures are avail- .l.v.wv 
able. The most satisfactory arc the following: (i) curative tests on rats 
with X-ray examination of the rachitic melaphyses, probably the most 
accurate method (see Bourdillon <</ a/., 1931); (ii) the line test (McC’olIum 
et ciL, 1922), similar to the foregoing but involving a histological instead 
of an X-ray examination of the bone; and (iii) determination oi the ash 
content of the bones. 


(2) — Vitamin A 

1606.] l-rom the earliest times it has been known that two disorders /n.noiy 
of the eye, night-blindness and xerophthalmia, were associated with a 
fault in the supply of fat in the diet. The error in question gradually 
came to be linked more specifically with ‘fat-soluble’ A, later to be 
known as vitamin A. In 1922 vitamin A was dillcrentiatcd Iroiti the 
antirachitic factor, vitamin 1) (sec p. .374). 

(a) The Lesions of Vitamin-A Dejieieney 
In experimental animals a lack of vitamin A leads to sontc or all ol i-.y’irimfiiiiil 
the abnornuililies listed m lablc III (see p. 5M). ^ 

The abnormalities arc given in approximately the order of their 
appearance, the night-bliiulncss being an early sign and the nerve 
degeneration, for example, a later or at any rate a chionic one, M^)^>t 
of the ill eUccls, e.g. numbers 4, 5, 6, 7, and H (i.e. inlcctions, xeroph- 
thalmia, calculi, periodontal changes, and reproductive failure) can ^ 
probably be attributed to number 3, i.e. to the xerosis or keratini/ation 
of membrane tissue. 


E.M. voi„ xir 
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Abnormaotv^ 

1. Night-blindness 

2. Failure of growth 

3. Metaplasia (xerosis) of epi- 

thelial tissues 

4. Multiple secondary infections 

5. Xerophthalmia and kerato- 

malacia 

6. Renal calculi 

7. Periodontal hyperplasia 

8. Reproductive failure 

9. Degenerative changes in central 

or peripheral nervous system 


Literature Reference 
Holm, 1925. 

McCollum and Davis, 1913; 

Osborne and Mendel, 1913. 
Mori, 1922; Wolbach and Howe, 
1925. 

McCollum, 1917; Drummond, 
1918; E. Mellanby, 1919. 
Osborne and Mendel, 1913, 1914, 
1915. 

Osborne and Mendel, 1917. 

M. Mellanby, 1930. 

Drummond, 1918. 

Hughes ef al., 1929; H. Mellanby, 
1930. 


The infections in particular seem to be a direct result (Harris, limes, 
and Griffith, 1932) of the structural break-down of the epithelial 
tissues, which permits the accumulation thereon and invasion by chance 
organisms which would normally be non-pathogen ic. Vitamin A does 
not appear to influence immunity reactions, and has generally given 
disappointing results when tried in the treatment of common infective 
diseases or as a prophylactic measure against ordinary respiratory 
infections (Wright et al, 1931; Barenberg and Lewis, 1932; Orenstein, 
1932; MacKay, 1934). 


(b) Incidence of the Various Forms of Vitamin-A Deficiency 
The occurrence of vitamin-A deficiency has been recognized in dilTcrent 
parts of the world by widely dilFering symptoms and it will be most 
convenient to consider the more important of these separately. It is 
not yet known for certain whether lack of vitamin A in human beings 
may give rise to the abnormalities classed above as numbers 6, 7, 8, 
and 9 among those produced in experimental animals (i.e. calculi, 
periodontal changes, reproductive failure, and degeneration of nerves). 
Numbers 1 to 5 on the other hand (night-blindness, growth failure, 
xerotic manifestations, multiple infections, and xerophthalmia or 
keratomalacia) have all been seen in man as a consequence of the 
deficiency. 

The most sensitive known method for detecting the mildest degree 
of hypovitaminosis A is by a test for dark adaptation. This test 
depends on the fact that the visual purple in the retina of the eye is a 
derivative of vitamin A; when the body’s supplies of the vitamin are 
below the optimum a diminished visual acuity results, which can be 
demonstrated by tests carried out in a dim light after exposure of the 
subject to brilliant illumination. The procedure needs careful control 



S.KEY 1606] 


FAT-SOLUBLE VITAMINS 


595 


in order to check irregularities due to normal fluctuations and variations 
as well as to the possibility of the individual under test showing an 
improved performance with increasing familiarity with the instrument. 

Surveys in Great Britain, in which such sources of error were guarded 
against, showed that about one-third of the poor elementary-school 
children examined in London and Cambridge were subnormal, whereas 
better-fed, public- school boys and children in institutions where 
adequate supplies of vitamin A were habitually given were nearly all 
normal (Maitra and Harris, 1937; Abbasy and Harris, 1938). This 
finding corroborates the budgetary surveys of Orr (1936) according to 
which a large proportion of the population were judged to have intakes 
of vitamin A below the reputed optimum. In America (O’Brien, 1933; 

Jeans and Zentmire, 1934) and in other industrial countries of the 
West very similar conditions appear to apply, and in parts of India 
(see Aykroyd and Krishnan, 1936) and in other oriental regions 
conditions are no doubt far worse. 

Definite subjective symptoms of night-blindness, such as obtrude Night- 
themselves on the patient, deserve to be clearly distinguished from the 
earlier and milder manifestation of sub-normal dark adaptation which, 
as has been shown, may need special laboratory equipment for its 
detection. From records in the literature it is clear that this mark of 
more advanced deficiency has been common in a number of parts of 
the globe, c.g. Newfoundland (Little, 1912; Aykroyd, 1930), Labrador 
(Little, 1912), China (Pillat, 1929; Chou, 1930), Guatemala (Macphail, 

1929), and the Dutch blast Indies (Willc, 1922). Aykroyd and others 
have made the interesting observation that when the organism has 
absorbed a large dose of vitamin A the sight may be restored to normal 
within so short a time as 12 to 24 hours. 

One of the earliest of the clinical signs of deficiency of vitamin A is a Epitfwihd 
characteristic appearance of the skin first described by IvOewenthal in 
Uganda, and later by Nicholls in C cylon who gave to it the name 
‘phrynoderma’ (from the native 'toad skin’), l.ocwcnlhal described it 
as consisting of a dryness of the skin with a kcratini/cd papular 
eruption, originating at the pilo-scbaceous follicles and occurring on 
most parts of the body except the face. This condition has been shown 
to be very common in C cylon (Nicholls, 1933, 1934), in Uganda 
(Locwcnthal, 1933; Mitchell, 1933; Wright, 1930), and in C'hina (Pillat, 

1929; I'ra/.icr and Hu, 1931), In Fngland MacKay (1934) considered 
that among infants, minor infections of the skin constitute a common 
result of hypovitaminosis-A. 

Whereas in adults a long-continued deficiency of vitamin A generally XeivpJh 
gives rise to night-blindness, in children xerophthalmia, with or 
without keratomalacia, is the itiore usual symptom. Uic classical makivut 
accounts are those given by Mori in Japan (1904) and by Bloch in 
Denmark (1917, 1924). In India xerophthalmia is so common that it is 
said to be the principal cause of blindness (Wright, 1931; Kirwan, 1931); 
other records refer to its prevalence in Ceylon (Nicholls), parts of China 
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(Pillat and Chang, 1932), in Yucatan (where one child in every live was 
a victim; Carrillo, 1932), in Malaya, in Newfoundland, and elsewhere. 

(c) Quantitative Requirements 

Probably about 3,000 International Units of vitamin A arc needed 
daily by the average adult. 'Such a supply is afforded by a daily intake, 
for example, of 500 millilitres [-J of a pint] of whole fluid milk, one egg, 
25 grammes ounce] of butter and a medium-sized serving of a green 
leafy vegetable’ (League of Nations, Bulletin of Health Organization, 
1938), For pregnant and lactating women the needs are increased. The 
requirement of infants and growing children is greater than that for 
adults, weight for weight. The vitamin may be supplied to infants in 
the form of a fish-liver oil or a concentrate. 


(d) Properties of Vitamin A 

Observations by Steenbock (1919), Euler et ai (1928), and Moore 
(1929) led to the recognition that two distinct substances, the yellow 
pigment carotene and the 'colourless vitamin A’ of liver oils, share 
vitamin-A activity. Carotene occurs as such in the vegetable kingdom 
and some or all of it is converted to vitamin A in the animal organism. 
The chemical relation between /i-carotene and vitamin A (Karrer et al, 
1931) is shown in the formulae below. It is now known that several 
other carotinoid substances in addition to /i-carotene also possess 
vitamin-A activity, but these are probably of little practical importance; 
(/ri-carotene is the most active form and (x-carotene and y-carotene 
and also cryptoxanthine have about half the activity). 
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^-Carotene above, showing its relation to vitamin A, below 


Vitamin A is unstable to heat in the presence of air but is relatively 
stable if oxidation is excluded (Hopkins, 1920). Substances rich in 
vitamin A absorb ultra-violet rays in the region of 328 m/x. They also 
give a brilliant blue colour with antimony trichloride (Carr and Price, 
1926), These reactions, and biological tests on rats, are utilized for the 
assay of the vitamin. The international unit is 0*0006 mgm. of a standard 
specimen of /3-carotene. 
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In the animal kingdom fish-liver oils and fish-body oils provide the best Disiribuiion 
source of vitamin A. Butler and beef and mutton fats are but moder- 
ately active. Ordinary margarine is deficient but specially activated 
brands can be purchased. 

Most leafy vegetables arc rich in /i-carotenc and hence highly active. In vegetables 
The activity often runs parallel with the degree of greenness. Among 
root vegetables the carrot and sweet potato are active; most others are 
poor. Many fruits contain significant quantities. 

Large amounts of vitamin A can be stored in the liver and serve as a Storage in 
reserve available for use when the diet is dclicicnt. The vitamin can be 
passed from the mother to the oflspring, both through the placenta 
and in the milk, but the quantity is severely limited by a physiological 
control (Dann, 1934). 

(3)““Vita)(nin E 

1607.] In experimental rats the most prominent feature of vitamin-E Experimental 
deficiency is the interruption of pregnancy (the so-called resorption 
gestation) in the female. Fertilization and implantation take place 
normally but after about two weeks there is resorption of the foetus, 
and sterility results. The defect is reversible, that is to say it can be 
cured when vitamin E is given. In the male there occurs a degeneration 
of the germ-cells which on the other hand is less readily curable. Other 
abnormalities which may be seen, particularly in a more chronic state 
of deficiency, include paralysis and muscular dystrophy. 

Little is known about the clfccls of a delicicncy in other species, in vlwical 
although it appears that sterility in cattle may sometimes respond to 
vitamin E (Vogt-Mollcr and Bay, 1931). As far as human beings are 
concerned, there is rather a paucity of properly controlled clinical 
observations. Nevertheless some recent clinical trials suggest that 
habitual abortion in women is sometimes amenable to treatment with 
vitamin E (c.g. Vogt-Mollcr, 1933, 1936; danberg, 1936; C'urrie, 1936, 

1937; Young, 1937). It seems worth while, then, when other more 
obvious causes of sterility have been ruled out, to make a trial with 
suitable concentrates of this vitamin. 

The usual source of vitamin E is wheat-germ oil. (ireen leaves also Properties of 
contain it. Lod-liver oil and other lish-livcr oils, although so richly 
endowed with the two other important fat-soluble laetors (vitamin A 
and vitamin D), arc generally almost devoid (if E. In 1936 livans and 
his co-workers isolated the vitamin in a crystalline form and gave it 
the name ^-tocopherol. It has tlie formula it chroman a-toeophero! 

derivative. It is fairly stable to heal but is destroyed during the de- 
velopment of rancidity in fats. Like vitamin A, but in contrast with 
vitamins B, or i\ vitamin I* can be stored in the animal organism to a 
remarkable degree. A second form, /Ltocophered, is somewhat less 
active. 
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6 -OTHER VITAMINS 

1608.] Experiments on animals have given indications of the existence 
of a number of vitamins in addition to the better-known ones so far 
discussed. With the exception of ‘vitamin P’ little is known about their 
chemical structure. Often, too, the pathological effects of the deficiency 
have not yet been clearly characterized. In only three instances has any 
specific claim been made for possible uses in clinical medicine. 
Deficiency of vitamin H in rats gives rise to a seborrhoeic dermatitis 
which is cured by its administration. Gyorgy suggested that it should 
be tried in various seborrhoeic conditions in man and in psoriasis, 
but favourable reports of its use are still lacking. 

Vitamin P (‘citrin’, ‘flavone’, hesperidin) is claimed to have a vitamin- 
C-sparing action in guinea-pigs and to check haemorrhages by dimin- 
ishing the capillary fragility. The reality of vitamin-P deficiency in 
guinea-pigs has been questioned (Zilva, 1937); on the other hand 
several clinical investigators claim that it has been effective in reduc- 
ing haemorrhages, e.g. in haemorrhagic nephritis and other conditions 
(Lajos, 1937; Scarborough and Stewart, 1938). 

In chickens, vitamin-K deficiency is characterized by the occurrence of 
haemorrhages and a diminished clotting power of the blood, due to a 
fall in the prothrombin. It is stated by Dam and Glavind (1938) that 
a low vitamin-K value, as measured by the blood-clotting technique, 
was found in several cases of obstructive jaundice due to cancer, in 
which a reduced absorption of the vitamin from the intestine would 
naturally be expected. Parenteral administration of the vitamin brought 
the clotting power back to normal. Thus here again possible clinical 
applications are worth considering for the future. 

7 -DIETETICS AND APPLICATIONS 

1609.] Fortunately it is possible to formulate a few simple rules which 
should ensure an adequate supply of vitamins under most conditions. 
For artificially fed infants a diet based on whole milk modified if 
necessary and with the addition of iron, supplemented with orange 
juice or ascorbic acid, and vitamins A and D in the form of a concen- 
trate, should meet all needs. The daily requirements for the various 
vitamins have already been dealt with, and generally the directions 
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given with any reputable proprietary preparation can be safely followed. 
Experience in America suggests that it is probably an advantage to 
provide a supplement of vitamin B, (or B complex) from a fairly early 
age: this may be given as a cereal (wheat germ) preparation or as a 
concentrate. See also under titles Food (VoI. V, p. 393), and Ini'ANT 
Feeding (Vol. VII, pp. 140, 145, 164, 165, and 166). 

The commonest faults in the diet of adults are, probably, shortages of 
vitamins C and B^, at least under the conditions prevailing in Great 
Britain. Economic reasons are usually responsible. The 'average middle- 
class dicE is likely to be satisfactory provided it includes the following 
to 1 pint of milk (1 to H pints for children), one good protein 
dish, one orange, or the equivalent of vitamin C in the form of other 
fruit, salad, or vegetables. Vitamin B, is likely to be low in the diets 
of most working-class people, and the simplest way of correcting the 
error is by the substitution of wholemeal bread for white. For children 
the most important single measure is to include a pint to a pint and a 
half of milk daily. During the years of growth the regular use of vitamin 
)3__pi’ererably combined with vitamin A— is to be recommended, 
especially in winter (for doses sec p. 590). 

In various parts of the world single or multiple delicicncies present Local 
special problems; for example, in the East, polished rice can often 
with advantage be replaced by parboiled or unpolished rice, and the 
use of beans and wholemeal cereals may be encouraged. In the far 
north populations short of vitamin arc being taught to take certain 
berries; or extracts derived from pine needles or hip berries, or some- 
times synthetic preparations of ascorbic acid, arc being distributed. In 
regions where mai/e is the staple diet the public authorities are institut- 
ing measures to combat pellagra. 'Fhesc arc but a few examples. 
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l.-VULVA 

(1) — ^Vulvitis 

1610 .] Simple vulvitis may be due to various organisms and is found 
especially in association with uncleanliness, when the bacteria may 

fiflA 
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have been spread from the anus. It may result in papular eczema with 
purulent discharge and areas of incrustation. It usually clears up with 
frequent cleaning followed by drying of the vulva and the application 
of calamine lotion. 

Follicular vulvitis occurs on the hair-bearing parts of the vulvar skin; Follicular 
furuncles and boils may develop and require hot antiseptic applications 
or incision. 

Erysipelatous vulvitis is a rare condition in which acute streptococcal Erysipelatous 
inflammation rapidly spreads over the vulva and neighbouring areas, 
sometimes causing subcutaneous cellulitis and abscess formation. The 
patient is acutely ill, and the prognosis is often bad. Treatment with 
sulphanilamide should be begun at once, and the vulva should be painted 
with a 10 per cent solution of ichthaminol in glycerin or a 1 per cent 
solution of picric acid in water. 

Diabetic vulvitis gives a characteristic picture which may often be Diabetic 
recognized at sight. The vulva is swollen and oedematous, and the 
skin is bright red and covered in places with lightly adherent whitish 
patches which, on microscopical examination, are found to consist of 
desquamated epithelial cells, pus, and threads of monilia. Thcindamma- 
tion is mainly due to the fungus, the growth of which is favoured by 
the continual presence of sugar on the skin. Treatment of the diabetes 
mellitus will usually cure the vulvitis; sodium bicarbonate douches 
may be given, or the skin may be painted with a I per cent solution of 
gentian violet. Pessaries of 5 per cent lactic acid in a glyco-gelatin base 
may give better results in a resistant case, in which the vagina also is 
infected. 

Acute vulvitis is also seen in association with vaginitis due to 
gonorrhoea, Trichomonas vaginalis. Bad. roll, and irritating cervical 
discharges. (See C!onorrh()i:a, VoI. VI, p. 26; and LiUK'.OKRnoiA 
AND OruIiR NoN-llAliMORRHACac' VaCUNAL DlSC'UARCJliS, Vol. VII, 

p.7l2.) 

(2) — Ulceration 

Simple ulceration may be due to trauma or to vulvitis; a granuloma Sitnple 
may occur in an unhealed puerperal tear and may persist for a month 
or two. 

The ulcus vulvae acutuin of Lipscluit/ is stated to he due to Ulcus vulvae 
Bacillus crassiis. 'fhe ulcers are multiple, round, and shallow, from 
onc-eighth to one-half inch in diameter, with a greyish soft base, and 
tender to touch. Similar ulcers arc often found in the mouth. They may 
be treated by paintittg with a 5 per cent solution ol' silver nitrate or a 
10 per cent aquet>us solution of mercurochrome; there is a tendency 
to spontaneous hcaliiqt wlicn the patient is id rest, but new crops of 
ulcers arc liable to break out. 

Diphtheritic and tuberculous ulccraliim is rare. 1'he (irganisms may Diphthmtk 
be grown in culture, or identilied in smears ov by biopsy in the case 
of tuberculosis. Diphtheritic ulceration should be treated by antitoxin. 
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Excision, curettage, or cauterization may be employed foL tuberculous 
ulceration. 

Gangrenous vulvitis or noma occurs in children during measles and 
other acute specific fevers, in erysipelas, and in venereal infection. The 
patient’s strength must be maintained and the local lesion tieated by 
excision or cauterization. 

Carcinoma must be kept in mind, even in young women, and the 
diagnosis established by biopsy in any persistent indurated ulcer. 

For venereal ulcers of the vulva see Chancroid, Yol. Ill, p. 97; 
Gonorrhoea, VoLVr,p. 26; Granuloma, Ulcerative, Yol. Yl, p. 57; 
Lymphopathia Venereum, Yol. YllI, p. 297; and Syphilis, Yol. XI, 
p. 573. 

(3) — Pruritus Vulvae 

This is a common symptom of vulvitis, leucorrhoca, and Icucoplakia, 
but it may occur wthout any apparent vulvar abnormality apart Irom 
lesions produced by scratching. The urine must always be examined 
for sugar and pus, which may cause irritation. The anal canal should 
also be inspected because thread-worms or irritant discharges from a 
fissure or piles may be responsible. 

Any possible cause of the pruritus is treated, and calamine lotion 
with 1 or 2 per cent phenol is used to relieve the irritation. More severe 
cases may require analgesic ointments, such as 5 per cent thymol or 
menthol, 10 per cent cycloform or percainal, or even 5 to 10 per cent 
cocaine. When the pruritus is a symptom of neurosis, oral administra- 
tion of bromide and valerian may help. When there are atrophic 
changes, oestrin therapy is indicated. Stilboestrol may be given in doses 
of 3 mgm. daily by the mouth for three weeks, the dose then being 
decreased; or oestradiol benzoate, 50,000 international units by intra- 
muscular injection twice a week for three weeks, followed by 4,000 
international units of oestrone daily by the mouth. When skin changes 
are not present X-ray treatment is usually successful in the worst cases, 
but the relief may not be permanent. Finally, wide subcutaneous 
infiltration with 1 per cent solution of procaine hydrochloride (novocain) 
or 3 per cent benzocaine solution in the form of "A.B.A.’ may be tried. 
(See also Pruritus and Prurigo (Hebra), Vol. X. p. 168.) 

(4) — ^Leucoplakia Vulvae 

Leucoplakia vulvae is a chronic inflammatory condition of unknown 
aetiology. In the early stages the vulva is red and swollen, the skin 
becomes thickened, and microscopical section shows congested blood- 
vessels and round-celled infiltration in. the subepithelial tissues. After 
a time the labia shrink, as fibrosis and retraction take place under 
the skin, and the piled-up epithelium takes on the white colour which 
gives the condition its name. In the later stages, desquamation occurs 
in some areas and cracks and ulcers appear in the indurated skin. 
Carcinoma may develop in these ulcers. The disease may affect part 
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or the whole of the vulva, except the vestibule and urethral orifice 
which are never involved; it sometimes spreads onto the perineum 
and peri-anal region and the adjacent parts of the thighs. 

Pruritus is usually the first symptom, and a burning feeling and pain Clinical 
are complained of later, in the stage of desquamation and ulceration. 

When pruritus is the only symptom, it should be treated with lotions, Treatment 
ointments, or oestrin preparations, as suggested above (see p. 608). In 
the stage of hyperkeratosis and ulceration it may be necessary to excise 
the vulva, especially if carcinomatous change is suspected. When the 
condition is extensive, excision of the whole area may be difficult or 
impossible, but vulvectomy usually gives relief. 

(5) — Kraurosis Vulvac 

Kraurosis vulvae is a condition of extensive vulvar atrophy which Aetiology 
sometimes follows the menopause. It is probably due entirely to lack 
of hormones, especially oestrin, consequent on the menopausal atrophy 
of the ovaries. The patient complains chiefly of soreness of the vulva; Clinical 
pain on micturition and pruritus arc sometimes present and dysparcunia 
may be the chief symptom in advanced cases. The disease involves 
the entire vulva including the vestibule. The labia minora, clitoris, 
and vaginal orifice shrink and the skin becomes very thin and shining, 
with large yellow and small red areas. 

In mild cases palliative treatment with antipruritic and analgesic Treatment 
lotions and ointments may be tried and oestrin therapy, as for pruritus, 
is useful. If dysparcunia is an important symptom a plastic operation 
may be necessary. 


(6) — Tumours 

Fibroma and neurofibroma may occur on the vulva and do not dilTcr Fibroma and 
from similar growths found elsewhere in the skin (see Vol. IX, p. 216). 

They usually become pedunculated and arc easily removed if they give 
rivse to pain or discomfort. 

Papillomas are usually of the kind called condylomata acuminata or Papilloma 
gonorrhoeal warts. They arc, however, not due to gonorrhoea or to Aetiology 
the irritation of a profuse vaginal discharge, as is commonly stated, 
because typical warts arc sometimes found in patients who are not 
infected with gonorrhoea and arc free from Icucorrhoea. 1hc cause is 
probably a iiller-passing virus. 'I’hc warts are small, many-pointed, and 
often pedunculated; they arc found on both tlic moist and the dry 
areas but rarely inside the vagina. 'Iheatmcnt consists of touching the Treatment 
papillomas with a paint, such as equal parts of tincture offcrric chloride 
and blistering Huid, or with acid solution of mercuric nitrate. The paint 
should be carefully mopped olT after application, to prevent ulceration 
of normal areas. 

Carcinoma is the commonest vulvar tumour, it is usually a disease of Careinmna 
elderly women and begins on the labia majora or minora, the clitoris, 
or the perineum. It is of the squamous-cclled type and may follow 
E.M, VOL. XII 2 R 
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leucoplakia. Metastasis occurs in the inguinal glands. In the early 
stages the patient complains only of a small lump on the vulva; later 
ulceration occurs and there may be very great pain and tenderness to 
touch. There is a thin purulent discharge but bleeding is unusual. On 
examination a hard nodule is found in the skin, or an ulcer with raised 
rolled-out edges and indurated base. When the disease has followed 
leucoplakia the growths may be multiple. The labia and the clitoris 
may be removed by an inner incision around the vaginal orifice and 
vestibule and an outer incision encircling the entire vulva, leaving a 
wide margin around the growth. The inguinal glands must always be 
removed, but not necessarily at the same time, as metastasis does not 
occur in the intervening lymphatics except in cases in which treatment 
is hopeless. The incision extends along the line of the inguinal (Pouparf s) 
ligament, inclining downwards at the inner end to enable the glands 
round the upper part of the saphenous vein to be removed. 

Melanoma and sarcoma of the vulva are rare and should be treated 
by removal of the inguinal glands and vulva in one mass. Radium may 
be applied to the surface of the primary growth, and the inguinal glands 
may be treated by X-rays as an alternative to operation in these growths 
and also in carcinoma. The results have been inferior to those of 
operation. 

(7) — Greater Vestibular (Bartholin’s) Gland 

Abscess of the greater vestibular (Bartholin’s) gland is usually due 
to gonorrhoea but cases in which other organisms are responsible 
are by no means rare. The abscess should be incised and drained. If 
it recurs, the gland should be excised in an interval between acute 
attacks. 

Cysts of Bartholin’s gland most commonly follow infection, but small 
cysts may occur when the duct has been blocked by a puerperal lacera- 
tion. They occur at the side of the lower end of the vagina and enlarge 
outward into the base of the labium minus. If they cause pain or 
discomfort they should be excised under general anaesthesia and the 
cavity obliterated by mattress sutures of catgut, which also secure 
haemostasis. The cyst is usually deep-seated and adequate local anaes- 
thesia is difficult to obtain. 

Carcinoma of Bartholin’s gland occurs very rarely in elderly women. 
It is an adeno-carcinoma and the metastases occur in the inguinal 
glands. The treatment is wide excision of the enlarged hard gland and 
removal of the inguinal lymphatic glands. 


2.-URETHRA 

(1)— Urethritis 

1611.] Inflammation of the urethra is generally due to gonorrhoea, 
but other organisms, such as Bact. coli, are occasionally responsible. 
In acute cases the patient complains of frequent and painful micturition, 
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and on examination the meatus is seen to be reddened and swollen. 

In chronic cases there may be no symptoms, but complaint of leucor- 
rhoea due to an accompanying vaginitis is often made. Skene's tubules 
and similar lacunae inside the urethra may be infected; this may cause 
recurrence of the urethritis and vaginitis after treatment. The urethra 
and the Skene's tubules may be thickened and palpable through 
the anterior vaginal wall and discharge may be expressed from 
them. 

Treatment consists in irrigation of the urethra, as for gonorrhoea, or Treatment 
in applications of 10 per cent solution of mercurochrome or silver 
proteinate on a probe covered with cotton-wool. When there is 
persistent infection of Skene's tubules they may be washed out with an 
antiseptic injected through a blunt needle, or cauterized and opened 
on the vaginal or urethral aspect with an electric cautery. An abscess 
of a Skene’s tubule is occasionally found and requires incision and 
drainage. 

(2) — Urethral Caruncle 

Urethral caruncle is a soft growth arising from the posterior wall Aetiology 
of the urethra, just inside the meatus. The aetiology is obscure. It has 
been stated to be due to chronic infection of Skene's tubules but it 
most coiumonly occurs in elderly women who give no history and 
show no signs of urethral infection. It is often associated with vulvar 
atrophy and may be of similar origin. 

The growth is usually pedunculated, sometimes sessile, and of a Morbid 
bright cherry-red colour, lying in or projecting from the meatus. On 
section it is found to he covered with stratiiicd epithelium, processes 
of which penetrate deeply into the connective-tissue centre, which 
contains numerous large blood-vessels. 

Symptoms may he absent but most caruncles are very sensitive and cUnkal 
cause pain on micturition, and even when the patient walks or sits 
down. 

The urethra should be dilated with metal dilators and the caruncle Treatment 
excised with a smalt area of the urethral wall. 1'hc incision is repaired 
with line catgut sutures, ('autcrization or diathermy are alternative 
methods t>r treatment. 

(3) — Carcinoma 

Carcinoma of tlic urethra is a rare disease of elderly women. It usually 
projects as a cautinower-like mass from the meatus and may originate 
in Skene's tubules. 'I'hc symptoms arc pain, discharge, and haemorrhage. 
Adequate removal is dillicuU and wilt probably cause incontinence of 
urine. 'The best treatment is by radium plaques applied to the growth, 
but early recurrence is usual. 

For injury and prolapse of the urethra see p. 613. 
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3.-VAGINA 

Dyspareunia and vaginismus are dealt with in the article Dysparuunia, 
Vol. IV, p. 361. 

The vaginal flora and factors influencing it arc dealt with under the 
title Leucorrhoea and Other Non- Haemorrhagic Vaginal Dis- 
charges, Vol. VII, p. 712. 

(1) — Vaginitis 

1612.] The following causes of vaginitis must be considered in seeking 
the origin of vaginal inflammation; (i) foreign body, such as a pessary 
or some object introduced by the patient; (ii) chemical irritation, due to 
the use of strong antiseptic for douching; (iii) inflammation following 
the use of a douche 'which has been given at too high a temperature; 
(iv) irritation from chronic septic cervical discharges, or pus coming 
from a pyometra; (v) organisms, such as gonococci, Trichomonas 
yaginalis, Bact. coli, streptococci, monilia, and C. dlphtheriac', and (vi) 
a senile vagina sensitive to organisms which the vagina can resist before 
the menopause. 

The only constant symptom is vaginal discharge, but complaints of 
soreness, pruritus, and burning pain on micturition are often made. 
The vaginal wall is bright red in acute cases and the discharge is 
obviously purulent; in chronic cases there may be only slight injection 
of the vaginal wall. 

An accurate diagnosis must be made before prescribing treatment. 
Cultures are necessary, and the discharge should also be examined 
fresh in saline under the microscope for Trichomonas vaginalis. If a 
pessary is the cause it may be impossible for the patient to continue 
to wear it, and the symptoms of prolapse must be relieved by operation. 
Senile vaginitis may be treated by douching with 1 to 2 per cent solution 
of sodium bicarbonate or 0-5 to 1 per cent solution of lactic acid. 
Oestrin preparations may be given, as in pruritus (see p. 608), to thicken 
the epithelium and encourage the growth of Doderlein’s bacillus. The 
treatment of vaginitis due to gonococci, trichomonas, and other 
organisms will be found in the article on Leucorrhoea (sec Vol. VII, 
p. 716). 

(2) — ^Ulceration 

Vaginal ulceration may be due to a pessary, an infected laceration, 
friction in a case of prolapse, syphilis, tuberculosis, or carcinoma. It 
may be necessary to establish the diagnosis by biopsy. The appropriate 
treatment will be evident when the diagnosis has been established. 

(3) — Cysts and Tumours 

Cysts of the vagina are usually thin-walled swellings on the anterior 
or lateral walls, more rarely on the posterior wall. They commonly 
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originate from persistent portions of Gartner’s duct, or occasionally 
from aberrant mucous glands. If discomfort or dyspareunia are caused, 
the cyst should be shelled out after incision of the epithelium. 

Fibroma, fibromyoma, and fibrosarcoma of the vagina are rare Fibroma, 
tumours usually found close under the epithelium. They may be 
mistaken before operation for the more common tense cysts. The fibrosarcoma 
tumour can generally be shelled out and should be microscopically 
examined to find out whether it is malignant. A sarcoma will require 
subsequent treatment with radium by surlacc application and deep 
X-ray therapy. 

Carcinoma of the vagina may be secondary to a carcinoma of the Sccomkuy 
cervix or of the body of the uterus. If it spreads from the cervix it will 
require the same treatment as the primary growth. Carcinoma secondary 
to a growth in the body of the uterus is commonly found us an isolated 
nodule near the introitus. It causes a haemorrhagic discharge and may 
be the first manifestation of the disease. The prognosis is not necessarily 
grave il' the uterus can be removed by total hysterectomy, because 
there may be no other metastasis than that seen on inspection, and this 
can be treated by local application of radium. In chorionic carcinoma 
of the uterus, secondary growths may be found in the vagina (sec 
Vol. Ill, p. 222) and may be treated by excision or radium. A few cases 
of primary chorionic carcinoma of the vagina have been recorded. 

Primary carcinoma is rarer than secondary. It is squamous in type Primary 
and may occur on any part of the vaginal wall. It is sometimes due to 
ulceration from a pessary. The only symptom in early cases is haemor- 
rhagic discharge, d'he growth is radiosensitive and may be treated by 
local application of radium. If the primary growth is in the lower third 
of the vagina, metastasis may occur in the inguinal lymphatic glands. 

(4) — Vaginal Fislulae 

Urethral, vesical, ureteric, and rectal fistulac may occur from lacera- 
tion or sloughing, during labour, or from injury during an operation. 

If the urethra is extensively damaged it may be impossible to reconstruct 
it. A small urethral or vesical listula may be repaired from the vaginal Ureihral 
aspect by thoroughly separating the inner and outer layers of the 
mucosa and suturing them separately in such a way that broad areas of 
the raw surface arc joined together. lane catgut should be used for the 
inner layer of vesical or urethral mucosa, and catgut or silkwonn-gut 
for the vagina. 1'he bladder may be drained by a fine rubber catheter 
attached to a stitch in the vestibule. With larger fistulac drainage by 
suprapubic cystostomy is better and it may be necessary to repair the 
bladder wall through the cysti)stomy opening, because it can be done 
more accurately from this aspect. Ureteric lislulae arc very dillicult 
to cure and should be approached through the bladder, because 
re-implantation of the ureter liigher up the bladder may be needed. 

Recto-vaginal fistulac arc usually comparatively easy to cure unless RcrUhva^imi! 
they are in the upper part of the vagina. In the lower vagina the track 
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of the fistula is generally long, and the perineum and the anterior wall 
of the anal canal should be incised in order to convert the fistula into 
a complete tear. The track of the fistula can then be completely excised, 
and the rectal wall, perineum, and vagina repaired by separate layers of 
interrupted sutures. Fine catgut is used for all sutures except those on 
the surface of the perineum, which are of silkworm-gut. A fistula in 
the middle or upper -vagina may be repaired by separation of the two 
layers of mucosa, and sutures infolding the one layer into the lumen 
of the rectum and the other into the lumen of the vagina apposing the 
raw surfaces. Colostomy is never necessary for the cure of a low 
recto-vaginal fistula, hut a fistula in the posterior fornix will probably 
require laparotomy. 
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l.-DEFINITION 

{Synonym. — Pertussis) 

1613.] Whooping-cough is a specific infective disease deriving its 
name from its main symptoms, a paroxysm of short coughs followed 
by a crowing inspiration. The disease is essentially an inflammation of 
the trachea and larger bronchi. 


2.-AETIOLOGY 

The cause of whooping-cough is a small Gram-negative bacillus, 
Haemophilus pertussis (bacillus of Bordet and Gengou), the responsi- 
bility of which for the disease has been established on the following 
grounds; (i) the organism can be recovered from patients with whooping- 
cough but is not found in healthy persons; (ii) the blood of those who 
have had whooping-cough contains bodies which agglutinate H. per- 
tussis and give a complement-fixation reaction to it; and (iii) applica- 
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tion of the living organism to the nasopharynx of a susceptible person 
produces an attack of whooping-cough. 

Both sexes are equally susceptible and the infection can occur at Incidence 
any age. Its greatest incidence is in childhood, probably because most 
adults have acquired immunity either as a result of attack or through 
repeated minor infections. Young babies are liable to infection and 
the apparent rarity of the disease in early infancy is due to the fact that 
the symptoms are not usually typical at that age. An attack of whooping- 
cough conveys an immunity which, without being complete, is sufficient hummiity 
to ensure that second attacks arc rare. 

The incubation period varies from one to three weeks. When another incubation 
disease, such as pneumonia, is present at the same time the earlier 
symptoms may be masked and develop only after improvement in 
the concurrent illness. Such a prolongation of the time of incubation 
is apparent and not real. Although the period of infectivity is different Period of 
for each patient, it is a safe rule to consider a patient infective for 
six weeks from the time of the first whoop. After that he may safely 
mix with susceptible children, even though his paroxysms continue. 

If facilities for bacteriological examination are available it may be 
possible to prove the absence of //. pertussis before the six weeks have 
elapsed and to curtail the period of isolation (sec also p. 619). 


3.-BACTERIOLOGY AND MORBID ANATOMY 

Physical examination may help little in establishing a diagnosis but 
laboratory investigation brings considerable aid in doubtful cases. By 
suitable methods the bacillus causing the disease may bo recovered 
in the earlier stages and this provides the most conclusive test. //. Cuhhathn 
pertussis grows on a potato-lactic-acid-bUH)d-agar medium. If this is t>n(onism 
put up in Petri dishes and exposed to an infected patient during a 
bout of coughing, colonies of the organism can be gre^wn. The use 
of Tough-plates' may become a routine method of diagnosis and ol‘ '('ouyjh 
determining the period of infectivcncss in iiulividual cases, d'lie tost is 
widely used abroad; in this country Smith demonstrated its utility in 
a boys' school lx)th for recognition of early or mild eases and for making 
possible a speedy return to school of those whose period of infectivity 
is short. 

In the catarrhal and early spasmodic stages of whoo[)ing-cough there Wood eoimt 
is an alteration in the white blood count, 'fhc total number of white 
cells is increased, tlie increase being made up almost entirely oflympho- lymplnh 
cytes which may number 15,001) to 30, 000 per c.mm. Such a blood 
count in conjunctiim with a suggestive cough gives reasonable grounds 
for a diagnosis of wlu)oping-Ci)Ugh. 

As the disease progresses, tlie patienrs hkiod acquires complement- (Pmfdmenp 
fixation substances, agglutinins and prccipitins against //. pertussis, 

Because they do not reach their full amoimt until the fourth to the ’ 
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sixth week of the disease, tests for their presence can hardly be utilized 
as a diagnostic measure, though such tests have their use in assessing 
the success of prophylactic treatment with vaccines or in determining 
whether any individual has a natural immunity to whooping-cough. 
The same objection can be made to the cutaneous reaction to small 
doses of H. pertussis is observed only in the later stages of the 
disease and for some months afterwards. The erythrocyte sedimentation- 
rate increases in whooping-cough, though not in proportion to the 
severity of the disease. This relatively small increase in the sedimentation- 
rate may sometimes be of service in confirming a diagnosis. 

The anatomical changes produced by whooping-cough as opposed 
to its complications are not as a rule striking. The body of a child 
dead of uncomplicated whooping-cough shows some reddening of the 
trachea and larger bronchi. If death has taken place early in the illness, 
suitably-stained sections of the trachea show Haemophilus pertussis 
lying closely packed under the lining membrane. Later in the illness 
the lungs are studded with recently-formed emphysematous bullae. 
The rupture of such a bulla into the mediastinal fold of the pleura on 
occasions gives rise to gross surgical emphysema extending up under 
the skin of the neck and face. Such an occurrence, though by no 
means always fatal, leads to post-morteni manifestations as typical as 
those it gives rise to in life. Less frequently an emphysematous bulla 
bursts into the pleural cavity leading to pneumothorax with collapse 
of the affected lung. In fatal cases in young children and babies, multiple 
small haemorrhages are sometimes found scattered over the meninges 
and in the substance of the brain and spinal cord. 


4.-CLINICAL PICTURE 

An attack of whooping-cough starts insidiously. Symptoms in the 
first days are not unlike those of a cold in the head. The catarrhal 
stage lasts from three to ten days, towards the end of which time 
cough, rather than running from the nose, begins to dominate the 
picture. Physical examination reveals, at most, reddening of the throat 
and occasional coarse r^les over both lungs . 

The occurrence of a typical cough marks the transition from the 
mn catarrhal to the spasmodic stage. The paroxysm has easily recognized 
features. Often it is brought on by some act such as that of swallow- 
ing, crying, or gagging. The patient gives a series of short sharp coughs 
during the course of a single expiration. The series lasts longer than 
would seem possible in one breath and towards its end the patient 
shows signs of distress. His colour, first red, changes to blue; the 
eyes water, become injected, and start out from the head. The tongue 
projects and saliva dribbles from the mouth. The veins of the neck 
are distended. When at last the cough stops, the patient draws in his 
breath with a typical whoop. The process is usually repeated twice 
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or thrice. A plug of mucus is sometimes brought up at the end of 

the attack. The stress of the paroxysm usually leads to emptying of the Vomiting 

stomach, especially if il takes place during or soon after a meal. An 

immediate effect of an attack may be a convulsion or a transitory loss Convulsion 

of appreciation of place and time. Always after a severe bout of coughing 

the patient sinks back pale and exhausted. It is surprising how quickly 

this phase passes and the child resumes his interrupted occupation. 

There is considerable variation both in the frequency of the bouts of Incidence of 
coughing and the period over which they persist. In a severe case they 
may occur as often as once every half-hour, though it is uncommon 
to hear more than twenty-four in as many hours. The more fortunate 
patients escape with a quarter that number, even at the height of the 
disease. The duration of liability to bouts of coughing varies from a 
few days to several months. An average duration is from four to six 
weeks. The weather has some inllucncc on the length of the illness, Injfiwnce of 
for whooping-cough in the winter is liable to last longer than an attack 
of the same severity contracted in the summer, probably because of 
the prevalence of other respiratory infections in the colder months. 

Other respiratory infections lead not only to the prolongation but Injiiwnceof 
also to the recurrence of the symptoms of whooping-cough. Thus a 
child who has recovered from whooping-cough and develops pneu- cough 
monia six months later sometimes starts to whoop again. Such a patient 
is not infective during the relapse. This is a point of considerable 
importance in the managcnient of a children's ward. Isolation is not 
necessary for a patient who whoops if it is known, without any doubt, 
that ho has recovered from an attack of whooping-cough within the 
previous twelve im)nths. 

The symptoms of whooping-cough arc not always so characteristic 
as those just described. Up to the age of a year babies rarely whoop, 
though the paroxysm of coughing is otherwise the same as in older Symptoms 
children. Vomiting is perhaps more prominent in infancy than in the 
older patients. 1’he cough, even without the whoop, can be easily 
recognized and, as long as it is understood that absence of the whoop 
does not affect the diagnosis, difficulty docs not arise on this score. 

More confusing arc those cases in which the cough is suppressed by 
some severe concurrent illness. Only too often a patient, convalescent 
from pneumonia or acute otitis media, starts to whoop and events 
prove that he was infective long before the diagnosis of pertussis could 
he made. Besides these simple variations in the symptoms, cases have 
been reported in which paroxysms of sneezing have taken the place Sneezing 
ofthemore usual cough (MoncridT and l.ightwood). Very young babies 
may have a form of the disease resembling encephalitis more than a 
respiratory infection. 

The scanty physical signs, the scarcity of which in the catarrhal stage is Physkvl 
mentioned on page 61K, are hardly more helpful in the paroxysmal stage 
in establishing a diagnosis, lauiy in the illness there is fever, though the 
temperature rarely exceeds UK) ' In iitlancy there is a marked rise in the mte 
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respiratory rate at the onset. The conjunction of a low fever with a dis- 
proportionately high respiratory rate sometimes suggests the diagnosis 
before the occurrence of the cough. As the disease develops, the patients 
have pale puffy faces, an appearance which may be compared to that seen 
in parenchymatous nephritis or in leukaemia. If the attacks are frequent 
and the lower incisor teeth have been cut, an ulcer can often be seen 
on the under surface of the tongue in front of the frcniim. Examination 
of the lungs, even at the height of the illness, reveals very little. There 
are occasional metallic rales best heard over the back. In some cases 
there is evidence of enlargement of the mediastinal glands shown by 
impairment of percussion note between the scapulae and an extension 
downwards beside the upper dorsal spines of the area over which 
whispering pectoriloquy can be heard. Bronchitis or pneumonia com- 
plicating whooping-cough add their own manifestations to the physical 
findings. Towards the end of the illness, except when the attack has 
been very mild, a greater or less degree of emphysema of the lungs 
develops and can be detected for weeks or months afterwards. Similarly 
dilatation of the venules in the skin of the checks and over the back 
of the chest is common in the later stages of the disease and this, 
too, persists for some months. Occasionally there occur in whooping- 
cough haemorrhages from the rupture of small blood-vessels in the 
conjunctivae or even in the skin of the face. 


5.~COMPLICATIONS AND SEQUELAE 

Complications 

The commonest complication of whooping-cough is bronchitis. This 
is understandable in view of the nature of the disease and the oppor- 
tunity, especially during the winter months, to acquire a superadded 
infection. Bronchitis may prolong the symptoms but except in infancy 
and in old age it hardly adds to the risk of the illness. 

Secondary pneumonia is a more serious complication. The infection 
spreads out from the bronchi and bronchioles to the adjacent alveoli 
in the manner described by McNeil, Maegregor, and Alexander. The 
resolution of the pneumonia is not immediate but by a process of 
fibrosis, leading to prolonged illness. Secondary pneumonia is one of 
the fatal complications of whooping-cough. 

Hardly less serious is the effect of whooping-cough on an under- 
lying tuberculous infection. By the age of five many town-dwelling 
children have had a tuberculous infection of their lungs. In normal 
circumstances the result of the infection is seen only as a primary 
(Ghon) focus and a greater or less involvement of the glands of the 
root of the lung and mediastinum. Whooping-cough allows such latent 
infection to become active. The morbid process in the affected gland 
lights up and tends to spread into the surrounding tissues. Hence a 
massive tuberculous involvement of the lung or a generalized spread 
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of tuberculosis from a previously dormant infection must be regarded 
as a direct complication of whooping-cough. 

Convulsions may be a concomitant of the disease but more serious Complications 
disorders of the nervous system are sometimes seen. Haemorrhages 
into the brain, especially during early infancy, may complicate the 
picture. More confusing is the coma seen in young babies. Physical 
examination suggests intlammalion of the brain but after death the 
findings arc at most multiple small haemorrhages round the vital 
parts of the brain-stem. 

Disturbance of digestion is typical of the disease. In the very young Digestive 
vomiting and diarrhoea exceed the degree expected from the cough. 

The condition is one of secondary gastro-entcritis which on its own 
account may prove fatal. 

Sequelae 

The sequelae follow from the complications. Secondary pneumonia 
may lead to librosis of the lungs, empyema, or bronchiectasis, and the 
latter in its turn to a cerebral abscess. Damage to the central nervous 
system by haemorrhage, if not fatal, may be perpetuated as a spastic 
paralysis. Exacerbation of tuberculosis of the lungs or mediastinal 
glands may give rise to invalidism long after the whooping-cough has 
disappeared. 


6 -PROGNOSIS 

d'he risk to life from an uncomplicated attack of whooping-cough in a 
healthy child more than a year old and in good surroundings is slight. 
Under that age and in old age the disease is often fatal. I1ie danger 
of the disease in childhood is rather through its complications, such as 
pneumonia and tuberculosis. Iu)r the same reason, later health may 
be impaired, 'fhe chance of disability from chronic pulmonary disorder, 
both tuberculous and non-tubcrculous, makes whooping-cough one 
of the most dangerous of the preventable diseases. 


7.-DIAGNOSIS AND DIPFIiRliN TlAl. DIAGNOSIS 

Typical whooping-cough can hardly be confused with any other 
illness. Diagnosis is made cither by hearing the cough or by recovering 
the causal organism. In the minority of cases suspicion aroused by a 
cough is conlirmcd by one or other of the cliuical or laboratory investi- 
gations outlined above. Dilliculty in correct diagnosis, however, does 
arise in the less characteristic cases. 

The pallor, especially when associated with a liigh lymphocyte diagnosis 
count, may suggest a diagnosis of lymphatic leukaemia. Absence of 
splenomegaly and of adenitis helps to distinguish wlu)oping-c‘ough. Icukaenm 
Mediastinal glands enlarged by tuberculosis or Hodgkin's disease 
and pressing on the trachea sometimes cause a paroxysmal cough ykimls 
very like whooping-cough, but not having an actual whoop. A radio- 
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graph of the chest which shows the presence of the enlarged glands 
will help to distinguish whooping-cough from the other two dis- 
eases. A differential blood count will often show an cosinophilia in 
Hodgkin’s disease or an altered lymphocytc-monocyic ratio in tuber- 
culosis; these features are lacking if the disease is whooping-cough, 
which has itself a characteristic blood picture already mentioned. In 
whooping-cough the erythrocyte sedimentation rate is increased but 
little; in tuberculosis, and still more in Hodgkin’s disease, the rale 
tends to be very high. 

Diagnosis in In young babies difficulty is encountered if the symptoms arc wholly 

infants cerebral or wholly alimentary. In the former event examination of the 
cerebrospinal fluid helps to exclude other disorders, though if the fluid 
is blood-stained doubt may remain for a time. Gastro-cntcritis arising 
from whooping-cough may be identified if a culture of the H. pertimis 
is obtained, but often it is the course of the illness rather than any 
specific test which discloses the underlying cause. 


8-TREATMENT 

Preventive 

Isolation Isolation of patients with whooping-cough docs not eflcctivcly stop 
the spread of the disease for patients are infective in the early catarrhal 
stage and in many the attack is so mild that it cannot be recognized. 
Prophylactic Prophylaxis by means of vaccines has in the past given uncertain 
vaccines results but more information is now available about the type of 
bacterium to be used, the doses to be given, and the lime that must 
elapse before protection is present. The vaccine must be made from a 
recently recovered strain of H, pertussis which has been cultured on a 
medium containing blood (phase I organism). If large doses are to be 
used the blood in the medium should be human to prevent reactions. 
Two types of vaccine are in use. The first is an emulsion of the bacteria 
killed by heat, the second the products obtained from grinding up 
live bacteria. The tendency is to give as large doses as can be tolerated 
without a local or general reaction. Sauer recommended twenty or 
thirty thousand million bacteria given at weekly intervals for three 
weeks. Others have obtained satisfactory protection with rather smaller 
closes. After such treatment antibodies take from two to six weeks to 
appear in the blood. The vaccine must therefore be given at least that 
time before exposure if the patient is to be protected. Even when these 
conditions are fulfilled the protection is not always complete, but if an 
attack of whooping-cough does occur later it tends to be short and mild. 
Convalescent The results obtained from attempts to give contacts a passive immunity 
serum injection of convalescent serum have been disappointing and in 

its present form this method is useless. I have found very small doses 
of vaccine have offered the best method of protecting contacts. Three 
million bacteria followed two days later by five million are given 
starting as soon after exposure as possible. On nine occasions susceptible 
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patients in a children’s ward have been treated in this way after the 
discovery of a case of whooping-cough in the ward. In eight instances 
there were no secondary cases and in the ninth one child only developed 
the disease. 

Symptomatic 

There is no specific treatment of whooping-cough. Vaccines and con- 
valescent serum have no beneficial clTcct once the disease has developed. 

The patients are more comlbrtablc in the open air; they have fewer Efwimnmetit 
paroxysms and those they have are shorter. They should be nursed 
out of doors in bed during the febrile stage and should be allowed 
up to play outside as soon as the fever has gone. In Great Britain it is 
usually impracticable for children to sleep out of doors, but much can 
be done for them at night by having windows wide open. Clothing 
should be arranged so that the patients do not feel cold. 

Mot food and coarse residue-containing food tend to bring on attacks Diet 
of coughing and should bo avoided. Some children, though not all, 
tolerate their meals best if these are really cold. In such cases ice cream, 
iced stewed fruits, and junkets should be used to vary the diet. In every 
case during the height of the paroxysms milk and eggs in various forms 
must form the basis of the diet. Infants must be given enough lluid and 
for a week or two the caloric value of their diet may be neglected. If 
diarrhoea and vomiting arc present the diet must be modified to control 
these symptoms. In all patients a liberal allowance of food must be 
made to compensate for that part which is vomited. 

In the catarrhal stage of whooping-cough belladonna gives some Dniira 
relief and the patient should he given full doses for his age. in the 
paroxysmal stage an attempt must be made to depress the cough rcllex. For vouyh 
A linctus ol' syrup ol'tolu and oxymel of squill containing in each dose 
from 3 to 20 minims of camphorated tincture ol' opium according to 
age is siiiriciciit in mild cases. In babyhood chloral hydrate 3 grains in 
syrup can be used to promote sleep, In older patients phenobarbilonc 
in doses of j g,rain once to three times a day often reduces the number 
of paroxysms. Ihhcr in olive oil given per rectum has been used to 
diminish the number of paroxysms. Often its cOect is disappointing, 
though occasionally it works well. It is a treatment best reserved for 
young patients in whom exhaustion is becoming extreme. 'Fhe very 
miiHiplicily of other remedies hir whooping-cough is evidence that 
none is wholly eircctivc in alleviating the distressing symptoms. 

Besides trcatinenl directed towards the symptoms the patients should Prevonthnof 
be given help in warding olT complications. Diet and IVesli air can be 
roinforced with large doses of vitamins A and B. The natural forms of Viimnim 
vitamin A in lish-liver oW may be nauscalinj’ and it is best olfered in 
a tasteless concentrate, h'inully, after the infcelive period is <wcr, the 
patient should be sent for a lioliday to encourage complete healing 
of the inflamed pulmonary and mediastinal lymph glands. 

Evidence is accumulating that by giving sulphanilamidc or its 
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Sulph’^ derivatives the complications of whooping-cough can be minimized. 

anilamide Sulphanilainide has not been shown to cut short the illness itself. There 

is undoubtedly scope for this group of drugs in treating the secondary 
effects of whooping-cough. Caution must be observed in their applica- 
tion. Sulphanilamide is a potent drug but it has some disadvantages. 
It is possible that its later ill-effccts on kidneys and gonads are not 
yet fully known, and that until they arc its wholesale application to 
prevent complications of whooping-cough cannot be recommended. 

Although the treatment of the disease is largely palliative, much can 
be done both to prevent severe attacks of whooping-cough and to 
avoid disastrous after-effects and there is room for wider application 
of these principles. 
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Reference may also be made to thefollomng title: 

BRONZING OF THE SKIN 


1. -DEFINITION 

Xeroderma, pigmeatosum; dermatosis Kaposi; lentigo 
maligna; atrophoderma pigmentosum) 

1614.] Xerodermia pigmentosa is a rare congenital disease showing 
both atrophic and hypertrophic changes in the skin, particularly in the 
areas exposed to sunlight. Malignancy ultimately supervenes. 

2.-AETIOLOGY AND MORBID ANATOMY 

Incidence This disease, originally recognized by Kaposi, is a great rarity, par- 
ticularly in Great Britain. The first signs generally become evident 
before the victim has reached the age of 2 years. Later onset is very 
unusual, indeed the great majority of the affected children are attacked 
during early infancy. The malady shows definitely familial features. The 
incidence in the two sexes is equal but it is usual for only one sex to be 
affected in one family. In spite of this well marked congenital factor 
the disease is not hereditary. Parental consanguinity is present in 1L8 
per cent of cases. Associated paralyses and paroxysmal haemoglobinuria 
have been described. 

Pathogenesis For years clinical experience indicated that sunlight played a part in 
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the causation of this disease and recent work has provided even more 
exact knowledge. Rothman proved that no sensitizing substances can 
be extracted from the urine and that no sensitivity can be transferred 
to animals by the injection of a patient's blood. Thus it would seem 
that the malady is not due to a metabolic disorder such as is seen 
in hydroa aestivale. The same author discovered that exposure of the 
unaffected skin of one case to ultra-violet rays gave rise to a long- 
standing erythematous reaction and ultimately to telangiectases and 
warts; visible light rays, heat rays, and X-rays did not cause any 
changes. In Lynch’s case there was not any sensitivity to radiations of 
wave lengths longer than 310 millimicrons (()-3UV). As few radiations 
shorter than 297 millimicrons (0’297//.) reach the earth’s surface it 
would seem that the important sensitizing range lies between these 
figures (for wave lengths of the various parts of the solar spectrum 
see Vol. 1, p. 182, and Vol. VI, p. 386). The same wave lengths, however, 
may not be responsible for the changes in all cases, as Bertaccini 
obtained a reaction by exposure to sol'l X-rays, The mode of action 
of the rays is not known, but i( seems (hat they act physically upon 
congenitally abnormal cells. 

Whether or not there is an underlying defective innervation is unknown; 
it is, however, unlikely because the distribution of the crirplion always 
corresponds to the areas of exposure both in this disease and in the 
very similar biotripsis. 

The histological picture shows a thickened horny layer over a thick hlorbU 
hyalinized layer of epithelial cells, fusion of which ollcn renders them 
completely indistinguishable, '['he Malpighian and germinal cell layers 
arc highly alropliic. In the early stages there is a small-celled inliltration 
in the papillary layer and round tlie adnexa. Later tiic follicles and 
sweat-glands atrophy. Piginent is present in most parts of the skin 
including the corium and particularly in the basal layer. l*hc wliitc 
ilbrous-tissuc is also atrophied but the amount of elastic (ibres is 
increased; the most common vessels seen arc dilated venules, Ulccra- 
lions, pyogenic infections, warts, and carcinomas arc all typical sequelae 
though mixed basal- and squamous-ccllcd growths arc sometimes seen. 

Pure basal-ccllcd tumours occur occasionally aiul melanotic carcint)- 
matous deposits have beert l‘out)d in the liver at necropsy. 


3-(:link:al PicruRb: 

In a typical case six ditferent lesions cover the exposed areas of the i>htninmtm 
body, i.c. the whole of llic face and neck and the immediately adjacent 
upper parts of the chest and back, the hnver tliirils tT the arms and 
the w!u)lc of the huvarms, being rather less market! t)n their inner 
surfaces, and also on the tlt.u'sal aspects of the hatuls aiul tiigtcrs. 'The 
distribution over the legs and feel corresponds to that over the upper 
limbs, but the thighs are only occasionally invtdvetl, 
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The first signs often consist of erythema and oedema after the child 
has been exposed to sunlight. In many patients this stage is cither 
absent or so transient as to escape notice and in them the first sign 
consists of freckle-likc pigmentation thickly covering the exposed skin. 
The individual patches vary in size from that of a pitTs head to that 
of a bean and their tints range between a pale yellowish-fawn and a 
deep sepia. This discoloration persists, increasing in density until the 
third or fourth year of life. About this time it is noticed that the skin 
is thin, dry, and rough, bearing the minute exfoliative flakes generally 
associated with dryness. There are, however, no signs of true ichthyotic 
xerodermia. 

Small white spots of atrophy now become evident among the patches 
of pigment. They occur in relatively small numbers but tend to be 
more numerous and to coalesce on the checks immediately below the 
eyes. Here larger areas of white shining scars gleam against the brown 
background. These atrophic disks have sometimes been noticed before 
either erythema or pigmentation has occurred, but they arc generally 
detected at this stage of the disease. 

By this time hyperaemia of the conjunctivac, blepharospasm, and 
photophobia attract attention to the eyes. Ulceration is not uncommon, 
together with haziness of the cornea. 

During the next few months striate and stellate telangiectases develop 
not only interspersed with the pigmented patches but also sometimes 
on the white areas where their colour stands out sharply. The punctate 
dilated vessels may form tiny convex domes on the skin. 

When the atrophic changes in the epidermis have rendered it thin, 
ulceration results from direct trauma and also from irritation or direct 
pus inoculation from the ocular discharges. The ulcers arc chronic, 
superficial, and covered by yellowish or greenish crusts. After they have 
healed the scars may contract and produce ectropion and considerable 
disfigurement. 

By the time the patient is 8 years old many small warts have appeared 
which in their general features resemble early senile warts and arc 
scattered irregularly over the affected surfaces, always arising on the 
‘freckles’. 

Carcinomatous changes now rapidly supervene, the growths develop- 
ing directly from warts or ulcers, particularly round the eyes and 
mouth. The masses are usually red and fungating but may be ulcerative. 
Very rarely one or two of such squamous-celled growths resolve, 
steady progression being the rule. The glands become affected with 
the result that death generally occurs before the age of twelve. 

Such is the inevitable sequence of events in the great majority of 
cases, but a few individuals have survived for many years with occasional 
intermissions of quiescence. Rare mild cases occur in which the signs 
are almost limited to the "freckles’. 

In a very few recorded examples the disease started suddenly late in 
life and these patients may form a connecting link between this malady 
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and the condition so commonly seen in the skins ol those who have 
been much exposed to sun and weather. In such individuals atrophic 
spots, pigmented patches, telangiectases, warts, and even squanious- 
celled carcinomas arc seen on exposed surfaces and in particular on 
the backs of the hands. This is the condition to which Chcatle gave the 
name 'biotripsis’ or Mile wear' (see also Vol. Ill, p. 61 1, and Vol. XI, 
pp. 205 and 233) and it is identical with the "seanian’s skin’ of Unna. 
In xerodermia pigmentosa the same live changes are present and, in 
addition, ulceration. 


4.-TRi;ATMIiNT 

Treatment may he divided into two distinct parts. If the patient is 
seen before serious damage has occurred, protection of the skin and 
eyes is essential. To this end darkened rooms and various coloured 
veils have been used. Tinted glasses must be worn anti the skin nitiy 
be covered with a paste containing burnt umber or 10 jKTcent of tiuinine 
sulphate in a basis of soft parallin, or 10 per cent tai\nic aciti. The 
patient should not be alh'wed out of the house in bright sunligiit and 
even at other times should shade the face by an umbrella. 

Later the simpler eye changes and ulcerations may he treated by /.mvl 
ordinary antiseptic methods, but these must be carried out rigorously, "/v’/'' wnom 
M’hus diligent bathing of the eyes with boric acid lotion aiul the dressing 
of ulcers by carboli/ed h>lions are indicated. 

Warts and early epitheliomas of both types must be rleait with Ihor- IhuU/ui’iti 
oughly as soon as (hey appear. I hey inay he excised, hut they alsii 
rcspoiul well to exposure to rathuin or X-rays, l.arprr pj'owtiis must 
be removed surgically and ulecraliou into (he chaiuber of the eve 
demands enucleation. Much relief can be alloriled by these measures 
although the ultimate outlook in typical cases is still hopeless. 
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YANGTSE VALLEY FEVER 

See Bilharziasis, Vol. II, p. 331 
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t -NOMl'NCLATURH AND DKPINITION 

1615.1 Among linplish-spciiking peoples the lonn yaws, aclaplcd from a Symmymn 
nalivi! word in the West Indies (Labal, 1694), is in general use. ITani- 
bocsia (Sauvage, 17.50), derivcil from the French word framboise (a 
raspberry), on account of the rasplicrry-likc appearance of the typical 
skin lesions, is also commonly employed by F'rench, German, and 
British writers, though the name more often found in French literature 
is pkin. In South America and other countries where Spanish or 
Portuguese is spoken the designation bubas or bouba is more common 
though the expression appears to include alfections other than yaws. A 
multitude of other names exist in ItKal u.se in diirercnl parts of the world, 
of which the best known arc: parangi (Ceylon), buena (Burma), puru 
(Malay), patek (Dutch East Indies), coko (E'iji), guttoo (West Africa), 

61! 
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and dubi (Gold Coast). Some American writers who profess to be 
unable to distinguish yaws from syphilis speak of Ircponcinalosis to 
include both diseases. 

Yaws is a specific contagious disease, wide-spread among the native 
populations of warm countries, caused by Trepotieina pcrtaiue (Castel- 
lani, 1905), characterized by an initial inoculatory lesion followed by 
the appearance, in successive crops, of a granulomatous skin eruption 
peculiar to the affection and associated with bone pain and other 
general symptoms, and sooner or later, in a proportion of cases, by 
gummatous-like lesions of the skin and bone. 

The date of the first recognition of yaws, as in the case of many other 
diseases, is uncertain; probably it was distinguished as a clinical entity 
in the latter part of the 15th century. As a cause of invalidity and per- 
manent disability its economic importance has been recognized since 
the beginning of the slave trade between West Africa and America. In 
June 1905 Aldo Castellani described Treponema pertenue as the causal 
organism. 


2.-AETIOLOGY 
(1) — Geographical Distribution 

Framboesia has always been considered to be essentially a tropical 
disease, that is to say a disease restricted to the belt lying between the 
tropics of Cancer and Capricorn. This is very nearly true and truer still 
if the tropics were defined by the isotherms delimiting a tropical climate 
together with heavy precipitation. Though an occasional ‘imported’ 
case may appear at the southern coastal ports of North America and 
even in Europe, the disease is nowhere there endemic. 

In northern Africa yaws does not occur, Morocco, Algeria, Tunisia, 
Egypt, and the northern Sudan being exempt. The single ease recorded 
from near Algiers in 1901 as belonging ‘to the confused group of 
conditions called framboesiform’ was almost certainly not a case of 
yaws. A dozen cases said to be yaws were reported in 1915 from Tripoli. 
South. Africa is similarly exempt from endemic yaws. The exceptional 
outbreak among Johannesburg miners has a peculiar significance and 
is referred to below (see p. 643). Cases have also been reported from 
Kimberley. 

Below is given a list of countries belonging to tropical Africa with 
some figures to indicate the incidence of the disease. Sudan, prevalent; 
Rio de Oro, no records; Senegal, only found in parts of Senegal and then 
in small numbers; Gambia, not uncommon — in 1933, 403 cases treated; 
Portuguese Guinea, no records; French Guinea, 21,982 cases treated in 
1933 and 42,032 in 1934; Sierra Leone, 16,929 cases of yaws in 1929: 
14,082 in 1930: 7,449 in 1931: 5,891 in 1932; it was estimated that 24*7 
per cent of the population of the Northern Province and 54-0 per cent 
of the Southern and Central Provinces were infected; Liberia, in the 
hinterland, 80 per cent of the children are infected and 30 per cent of 
the adults exhibit ‘crab yaws’ ; Ivory Coast, very wide-spread in the forest 
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hinterland; 50,696 cases treated in 1933 and 68,581 in 1934; Gold Coast, 
in 1932-3, 34,544 males and 27,653 females treated; Togo, very pre- 
valent: 25,982 cases treated in 1933 and 31,346 in 1934; Dahomey, 

26,151 cases treated in 1933 and 25,738 in 1934; French Nigeria and 
Sudan, comparatively rarely recorded; Nigeria, 80,136 cases treated in 
1932; Cameroon, 33,754 cases treated in 1933 and 42,064 in 1934; 
French Equatorial Africa, prevalent in Gabon, in Ouesso and Nola, 
Moyen Congo and Tchad and Oubanghi Chari, where, in 1933, 20,000 
cases were treated; Belgian Congo, 43,773 cases of yaws treated in 1932; 
Somaliland, a few cases have been reported; Italian Somaliland, re- 
ported as wide-spread in 1928; Ruanda-Irundi, very prevalent: 103,711 
cases recorded in 1930: 92,050 in 1931: 80,126 in 1932; Uganda, in 
1932, 43,773 cases of yaws treated; Kenya, 70,253 cases treated in 1927; 

8f>,617 in 1928: 89,615 in 1929; Zanzibar, 4,659 cases treated in 1931: 

4,432 in 1932; 5,935 in 1933; Tanganyika, 74,638 cases treated in 
1925: 96,624 in 1926; 120,263 in 1927; 127,439 in 1928; 126,328 in 
1929: 137,1 12 in 1930: 112,128 in 1931; 114,115 in 1932; Portuguese East 
Africa, present no figures available; Nyasaland, 1 ,707 cases treated in 
1930; 2,524 in 1931; 2,672 in 1932: 1,966 in 1933; Northern Rhodesia, 
one-quarter of the total population of 53,000 estimated in 1926 to have 
yaws: 2,279 had been treated; Southern Rhodesia, yaws not reported; 
Angola, present, but no figures available; Bechuanaland, a few cases 
observed; 86 in 1933; Madagascar and C'omoro Islands, yaws endemic; 
10,203 cases in 1934; Mauritius: it is stated that yaws does not occur; 
Seychelles, none. 

In northern and central Asia and .lapan the disease is unknown. In Axia 
India there arc scattered endemic areas in Bengal, Orissa, Central IncHu 
Provinces, and Ilaiderabad, but no figures are available. It is probable 
that, when .search has been made among many of the more primitive 
forest tribes of India, yaws will be discovered to be much more widely 
spread than is at present supposed. 

In Ceylon, Malaya, French China, the East Indies, and the Pacific 
Islands the disease is wide-spread. 

Ceylon, 24,841 cases treated in 1929: 23,684 in 19.30: 24,708 in 1931: 
23,208 in 1932; 18,368 in 1933; Burma, yaws endemie, no figures avail- 
able; Assam, yaws endemic, no ligurcs available; Siam, yaws endemic; 
Malaya, yaws widely spread; in Kelanlan, 7,509 cases treated in 1928; 
8,288 in 1929; 16,581 in 1930: 21,004 in 1931; 26,468 in 19.32; in 
Trengganu, 3,390 in 1929; 3,386 in 19.30: 2,601 in 1931 : 2,686 in 1932; in 
Johorc, 4,977 in 19.31: 4,566 in 19.32. 

French China; the disease is widely distributed in Annum, Tonkin, 
Cochin China, Saigon, Laos, Cambodge, and Cambodia. It is an inevit- 
able disease of childhood in all the forest zones. Dutch East Indies; 
with an estimated population of 45 millions some 890,000 cases of yaws 
were treated between 1919 and 1934. In Sumatra the incidence varies 
between 12 and 90 per cent. The same is true of .lava where in 1924 
1,600,000 injections were given in the treatment of the disca.se. In 
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Celebes, 22,789 injections were given in 1928. Timor is heavily inreclcd 
and in Sumba 70 per cent of the inhabitants suiler from IVamboesia. 
Borneo: it is stated that in the central region ol' Papua yaws is very 
prevalent and that every Dyak child in Southern Borneo is infected 
with the disease. It occurs also in Sarawak. Formosa: the disease has 
been reported from the southern part of the island. Philippine Islands: 
in some areas 70 per cent of the population is attacked; 31,040 eases 
were treated in 1923-4. Caroline and Marianne Islands (including 
Guam): yaws is prevalent. French Pacific Islands: yaws is wide-spread 
in the Loyalty Islands, in Wallis, Futuna, New Hebrides, and New 
Caledonia. British Solomon Islands: 21,628 injections were given in 
1932 and 11,998 in 1933 in the treatment of yaws eases. Fiji: it is believed 
that 100 per cent of the native population is infected with yaws, mostly 
contracted in childhood. Gilbert and Ellice Islands: in 1932, 5,536 
injections given for yaws; Samoa: 88-9 per cent of the total population 
examined; 67 •? per cent of these gave a history and 60 6 per cent showed 
evidence of yaws infection; 74,088 injections given in 1932 and 38,644 
in 1933. In many other groups of islands the disease is widc-spread but 
no figures arc available. 

In Australia yaws is endemic in the northern half of the continent, 
chiefly in the Northern Territories, but it has been argued on the 
discovery of bones showing lesions a.scribcd to yaws that the disease 
was distributed all over Australia a century ago. 

Although yaws is prevalent in the East Indies, central American 
countries appear to be spared. The disease is not reported from Mexico, 
Yucatan, Honduras, British Honduras, or Salvador. On the other hand 
it is said to occur in Nicaragua and Guatemala, and a few cases have 
been reported from Panama. In Costa Rica the disease was first noticed 
in 1924, 6 to 16 per cent of the population being said to be infected. 
The disease is unknown in the Bahamas and, although it existed at one 
time in Bermuda, it- has now disappeared. Cuba; the disease is present 
but no statistics are available. Jamaica; yaws is extremely prevalent in 
some rural populations. The following figures have been extracted from 
the reports of the Jamaica Yaws Commission: 


Table to show Incidence of Yaws in Jamaica 


Year 

Areas 

Surveyed 

Total 

Popula- 

tion 

No. OF 
Cases 
Treated 

Total 
No. OF 
Treat- 
ments 

No. OF 
Wassermann 

AND 

Flocculation 

Tests 

1932 


,, 

590 

2,728 

16,000 

1933 

5 

12,605 

2,616 

10,541 

26,444 

1934 

7 

22,578 

4,844 

21,856 

26,767 

1935 

8 

35,323 

8,337 

45,755 

15,162 

1936 

8 

38,487 

7,923 

45,721 

25,671 

Total 

- 28 

108,993 

24,310 

126,601 

TiO,044 ' ' 
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Haiti: 80 per cent of the population in some areas aftected — in one dis- 
trict in one year (1925-6) 167,267 cases treated; Porto Rico: there is 
said to be a single focus of yaws; Virgin Islands, Antigua, Guadeloupe, 

Monserrat, Martinique: yaws present, but the disease is said to be 
diminishing in numbers in the French islands; St. Lucia: 1,422 cases 
treated in 1932; St. Vincent: 6,091 cases treated in 1932; Grenada: 

1,500 cases treated in 1932; Dominica: 2,400 cases treated in 1932. 

The figures for most of the other islands are similar, in Trinidad the 
disease is also common. 

Information regarding the distribution of yaws in South America is South 
very scanty; it is believed to be endemic in Venezuela; in Colombia it is 
wide-spread in the coastal and riverine zones. In British and French 
Guiana the disease was once common but is now rare, though in Dutch 
Guiana it is prevalent. Yaws has been reported from Peru, and is wide- 
spread in certain provinces of Brazil, in Bahia, and also in Parahyba, 
where 30,000 cases were found in a population of 1,200,000. More 
recently the disease has been discovered in Minas Gcracs. Information 
as regards Itcuador, Bolivia, and Paraguay is not forthcoming. The 
disease has not been reported from Argentine or Chile. 

In 1694 an outbreak of what was called Yibbens' or 'si wens’ {sivvi — Early 
raspberry, C’cltic) occurred in Scotland. This and the ‘button-scurvy’ in 

in Ireland later have been by some writers considered akin to yaws, Scotland ami 
and some would identify si wens with framboesia. There can, however, 
be little doubt that these were outbreaks of epidemic syphilis exactly 
comparable to others which occurred in Furopc and elsewhere during 
the same epoch. The clinical nuinifcslations described resemble those of 
the endemic syphilis among the Bedouin Arabs of the Euphrates Valley 
described by F31is II, Hudson. 

Framboesia tropica, as the name implies, and as has been shown in Climatic 
dealing willt the geographical distribution, is practically limited to 
warmer countries. 1'he precise signilicance of this association remains dhtributUm 
uncertain. T'hc evidence suggests that a number of factors commonly 
obtaining in the tropics have a bearing on the chance of contagion rather 
than that a hot climate plays aity more spccilic part. In the warm belts 
the more primitive peoplc.s arc found, living under primitive conditions 
in regard to clothing, housing, and food, the adults wearing little bodily 
covering and the children as a rule none; all are exposed to multiple 
minor skin injuries. Pcrst>nal cleanliness may be of a low standard and 
personal contact is dose owing to their methods of living; their general 
resistance to disease is low owing to multiple infestations with protozoal 
and helminthic parasites and subsistence on a dclicicnl diet. At the same 
time a warm and moist climate conduces to the propagation of Hies 
which may play an important part in transmitting the disease* 

It was at one time believed that yaws did not occur above a very Altitude 
moderate altitude, but the disease has since been found in Sumatra 
above 3,000 feet, in the Philippines at over 6,000 feet, in F'ormosa at 
5,000 feel, and in Africa at more than 5,000 feet. 



YAWS 


[vOL. XU 


636 

Rainfall probably plays an important pari, as recently shown in 
Jamaica, where the incidence is much higher in areas of greater rainfall 
and where it has been shown that recrudescence of active lesions is much 
commoner in the wet season than in the dry season. There is a positive 
correlation between the incidence of yaws in Jamaica and rainfall, but 
whether this association is direct or indirect the Yaws Commission could 
not decide. Greater precipitation means more luxuriant vegetation, 
greater liability to trauma, and possibly an increase in the number of 
flies which might act as vectors. In barren arid regions of the tropics 
the disease does not seem to occur, 

(2) — Sex and Age Incidence 

The sexes are equally susceptible. When there is an inequality in the 
chances of infection owing to the sexes living under different conditions, 
there may be a difference in the sex incidence of the disease. This is 
shown by figures from Jamaica, where the predominance of males over 
females is most marked from infancy to adolescence but disappears in 
later adult life. Elsewhere the number of female adults who contract the 
disease may be nearly double that of the males, a fact explained by the 
observation that women often gain their infection from children. 

Trans-placental transmission of yaws does not occur and hereditary 
yaws comparable to congenital syphilis is unknown. A. woman never 
gives birth to a child suffering from the disease; the two or three 
recorded cases in which ‘congenital yaws’ has been suggested do not 
hear criticism. Infection of the infant may take place at birth and a 
primary lesion at the umbilicus can occur. 

It has been suggested that, since yaws is commonly contracted in 
childhood, as is mentioned below, the power of trans-placental trans- 
mission to the foetus has been lost when the child-bearing age is 
reached; this is an interesting speculation, but the fact that no case of 
transmission to the foetus by a mother suffering from active yaws during 
the pregnancy has ever been recorded weighs against this view. 

Age incidence has sometimes been considered as if the young were 
more susceptible than adults. It may, however, be pointed out that all 
ages appear to be equally susceptible. The early age at which infection 
commonly occurs in endemic areas is the expression of a high local 
incidence of the disease and a maximal incidence of other aetiological 
factors. 

In Samoa, where the incidence is said to be lOO per cent, it is stated 
that 100 per cent of children are infected before the age of two years. In 
Jamaica it is stated that 91 per cent of the cases are infected before the 
age of fifteen years, 96 per cent before twenty, and 60 per cent during 
the first four years of life. In another group the peak of incidence was at 
seven years and this was then found to correspond with the beginning 
of school life, showing that special factors may come into play at 
particular ages in selected groups. It was also shown that the Tate of 
infection’, i.e. the numbers of persons acquiring yaws per 100 non- 
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immunes of the population for a given length of time, in a given age- 
group, was greatest for the age-groups 5 to 9 years and 10 to 14 years, 
the ages when the chances of skin trauma and bodily contact are 
greatest. 

(3) — ^Importance of Trauma and Insect Vectors in Transmission 

Abrasions of the skin probably constitute the chief factor disposing to 
infection with the treponema of yaws, liability to skin trauma being 
bound up with absence of clothing and the mode of life. In most cases 
probably the infection is direct from a patient with infective lesions. 

On the other hand, that the infection may be carried by insects has 
long been suspected, and recent work in Jamaica and elsewhere suggests 
that this method of transmission possibly plays an important part. 

E. Bancroft as long ago as 1769 believed that flies transmitted yaws, insects 
Schilling (1770) suggested that in Surinam the infection was carried by 
a small fly which was known locally as the "yims fly\ Wilson in 1869 yaws 
again referred to the probability that flics are responsible. L. Sambon 
drew attention to Hippelates flavipesix^ a possible carrier in the Antilles; 
van den Barnc suggested Stciioniyia. L. Nicholls (1911) in the West 
Indies believed that a fly he referred to as OschiLs pallipcs, but since 
identified as Ilippelaies JIavipvs, carried the infection to injured skin 
surfaces. P. K. Wilson and A. W. Mathis thought that Hippelates 
paUipcs played the pari of intermediary in Haiti; Gonzago suggested 
that Culicoides so acted in Brazil, Hurst and Johnson were inclined to 
incriminate the plague of Hies which appeared at the season when the 
bread-fruit rots in Samoa. T. von Bulow (1925) in Costa Rica, noting Ticks 
that 87 per cent of the primary lesions were on the lower limbs, put 
forward the idea that the tick Amblyonuna vuyennense might be involved. 

Very few attempts at experimental transmission by insects have been ExpcvUncnial 
made. A. Castellani (1907) made experiments in Ceylon to show that 
mechanical transmission of the treponema by Musca chmestica was 
possible, j, G. Thomson and W. A. Lamborn (1934) showed in Nyasa- 
land that Musca speciamla will feed voraciously on yaws lesions and 
that Treponema pertemie passes rapidly, in viable form, through the 
fly's alimentary canal and may easily thus bo deposited on an abrasion 
of the skin of another person. More recently laimborn (1936) demon- 
strated that Musea sorhens may deposit its 'vomit-drop' containing 
Treponema pertenue, from a previous feed, on an experimental skin 
abrasion in man 35 to 50 minutes later and thereby produce infection. 

In Jamaica the Yaws (’ommission produced evidence that the distribu- JJippelates 
lion and incidence of yaws in that country were possibly determined by 
the presence of the small lly llippela/es patHpes, the distribution of 
which in turn appears to depend on geographical configuration and 
rainfall. I'he lemalc lly feeds in enormous numbers on yaws lesions, 
preferably those on the lower extremities, and takes in large numbers 
of treponemas which remain motile for a considerable time in the 
oesophageal diverticulum, reappearing at intervals in the Womit-drop'. 
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Jt was laler experimentally demonstrated that if these (lies were then 
allowed to feed on a granulating wound on the back of a rabbit or a 
scarified area of its scrotum, infection resulted. A further point of 
interest came to light: positive results were much more commonly 
obtained if the experiments were made in the winter months or if the 
animals were remo^/ed to a cool climate after inoculation for the period 
of incubation. 

(4) — Causal Organism 

The causal organism of yaws. Treponema pertenue (Spirochaeta 
pertenuis), is morphologically i ndistinguishable from Treponema. pallidum 
{Spirochaeta palficla) and Spirochaeta cuniculi. All the methods of 
staining commonly used for T. paUiduni arc applicable to T. pertenue. 
It is stated that the latter has been cultivated by the same method as 
that adopted for the former but subsequent transmission to animals has 
not been carried out successfully. T. pertenue is easily demonstrated in 
fresh preparations from active yaws lesions by dark-ground illumination 
(see Syphilis, Vol. XT, p. 537). The duration of survival after removal 
from the body is short and infectivity disappears quickly. 

Though the organisms of yaws and syphilis appear identical, they are 
considered to be differentiated by their biological reactions. There is a 
difference of "organotropisnT or tissue selectivity; T. pertenue is said to 
be ectodermotropic, T. pallidum mcsodcrmotropic; the former is less 
‘invasive’ than the latter. 

Monkeys, rabbits, guinea-pigs, and mice may be experimentally 
infected with T. pertenue; certain differences between experimental 
infections due to T. pertenue and to T. pallidum have been described 
which will not be further detailed here, except to say that they arc 
considered to be characteristic in the two cases and a sufficient basis 
upon which the two organisms may be differentiated. 

3.-MORBID ANATOMY AND SEROLOGY 

Hist O'P ethology of the skin lesions 

The structure of a yaw consists essentially of a plasmoma of the cutis 
with marked hyperplasia of the overlying epidermis, hyperkeratosis and 
parakeratosis. There is marked upgrowth of the papillae and a corre- 
sponding downward prolongation of thereto. The papillae may be from 
ten to twenty times their normal length and also enlarged in other dimen- 
sions. The retepegs are not increased in number but they vary in thick- 
ness and length and in places appear to cut off parts of the papillae into 
islands (acanthosis). The suprapapillary layers may appear insignificant 
in comparison to the thickened rete. The palisade layer of basal cells 
remains normal, the columnar cells forming a rather well defined 
boundary between the epidermis andcorium, though here and there the 
cellular invasion of the latter may break through its proper continuity 
and make contact with the rete. 
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In the epidermis, immediately above the basal layer of cells, changes are Epidermis 
visible. In the middle of the down-growths oedema is present; many cells, 
which may have preserved to a large extent their prickle boundaries, 
have lost all vestiges of their nuclei and many arc vacuolated (spongi- 
osis). Tn some areas larger tracts exist in which cell envelopes only can 
be made out, or all cellular outlines have disappeared and only an 
occasional nucleus can be distinguished. 

Superficially to the role one of two conditions may be found—either a Superficial 
layer of ten or more strata of ill-dclincd almost circular granular cells, 
topped by swollen hyperplastic almost homogeneous horny cells, or the 
stratum granulosum, which is largely indistinguishable, is surmounted 
by a thick dense stratum corneum infiltrated with masses of mono- 
nuclear cells. The horny layer may be split into lamellae and contain 
fibrinous coagula. Diey form in part the crust. 

Not uncommonly circumscribed areas may be seen, lying nearer to 
the surface than to the basal layer, containing leucocytes (pus cells) and 
detritus. These arc of the nature of miliary abscesses and within them 
the treponema can be demonstrated. The framboesial nodule or rasp- 
berry-like lesion after removal of the crust is covered with only a 
sLiprapapillary layer of prickle cells. 

The epithelial growth rests upon a solid cellular infiltration of the cutis Dermis 
made up of all types of cells but chieny of plasma cells. These surround 
the individual epithelial processes like a mantle, extending in thin cords 
into the papillae, and below the level of the epithelial down-growths the 
intillration forms a unilbrm plasmoniatic layer occupying the outer half 
of the corium sharply limited below by a horizontal line. I'hcre is some 
oedema of the corium, the collagenous tissue in the infiltrated area is 
reduced to a tine network, <'ind the veins in the area arc engorged. The 
blood-vessels of the papillae arc dilated and there may be some infiltra- 
tion with lymphocytes but the vessels do not show productive inllamma- 
tion with thickening, 1‘he intima remains intact without any cellular 
intillration, nor any more endothelial proliferation than may occur in 
any innammaiory process. There is some loss of pigment; giant cells 
are rarely and hyaline degeneration is never seen. The skin appendages 
arc not airectcd. 

In early lesions treponemata arc found in large numbers in the peri- Distribution 
vascular tissue about the terminal portions of the papillae and in some 
of the rete pegs, deposited there by the blood-stream, f'rom this initial in lesions 
lesion they pass into the more supcriicial layers of epithelium. Organ- 
isms are rarely found in the subpapillary dermis. Although they may be 
seen in close association with cells of all kinds, they arc not seen within 
any cell in the rete Malpighii. 

in the lesions ol' the palm of the hand and sole of the fool, referred to Lesions on 
below (SCO p. 647), the slrueUire is essentially the same but the changes 
are mainly in the horny layer which may be live to ten times the normal 
thickness. 'The outlines of the individual cells arc obliterated so that this 
layer comes to be formed of u homogeneous stratum of kcratinimi 
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inalerial. Here and there lying in a kind of nest embedded in the hyper- 
keratotic horny layer but separated from it by looser layers of cells and 
spaces, the little pegs called ‘clavus’ are found. They consist of lamin- 
ated horny cells interspersed v/\ih parakcratotic cells, are more or less 
rounded and project slightly above the surface of the skin, and are 
easily shelled out of their nests leaving the ‘nail hole’ which reaches 
almost to the rete. The stratum lucidum is easily made out; the granular 
layer is thickened some three to eight times. There is no infiltration of 
the rete, and miliary abscesses are not found. The acanthosis is not so 
marked as in the more active lesions. Some of the papillae arc enlarged 
and some flattened; oedema is present in the papillary and subpapillary 
layers. The infiltration is practically confined to the papillary layer and 
the region of the blood-vessels and is composed mainly of plasma cells. 

Serology 

The Wassermann, Kahn, and other similar tests used in syphilis all 
yield positive reactions in yaws, up to 100 per cent. The Wassermann and 
Kahn reactions give a 90 per cent agreement in yaws, but the latter is the 
more sensitive in latent cases. Reactivity of the serum begins in the early 
secondary stage and is maximal when the secondary eruption is wide- 
spread and well developed, but a positive blood Wassermann reaction 
has been recorded in Jamaica within two weeks of the appearance of the 
initial lesion. It persists through long latent periods and is present in old 
cases of yaws showing persistent lesions, though in those with tertiary 
manifestations it may be diminished. There is reason to believe that 
consequent upon natural cure, following a florid secondary cxantheni 
or after treatment, reactivity may disappear. The exact treatment which 
will determine the return and persistence of normal non-reactivity has 
never been decided. It will depend in part upon the extent and duration 
of the secondary eruption at the moment when treatment is instituted. 
Reactivity may continue to diminish after treatment has ceased and 
may become negative long after the lesions have disappeared. Although 
in some 60 per cent of cases with infective lesions the Wassermann 
reaction may be reversed by a course of treatment, the same result will 
only be obtained in 30 per cent of latent cases by the same treatment. 
The complement-binding strength of titrated serum from cases of yaws 
is equal to the maximal strengths of syphilitic sera. Whether there is 
any constant difference in the time which elapses between the date of 
infection and the date when partial complement-fixation begins in yaws 
and syphilis has never been shown. Whether the titre curve runs the 
same course or not in both diseases is not known, either in treated or 
untreated cases. Titration curves worked out recently in Jamaica showed 
that after treatment by arsenicals or bismuth there was in general a 
gradual decrease in the average Wassermann titre extending over 
approximately five months but with a tendency to an interruption in 
the fall in the third to fourth month. After the first six months the 
percentage ofpositive Wassermann reactions tends to rise. Of 73 patients 
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recorded in Jamaica who had received a short course of neoarsphenamine 
five years before, 33 gave a negative Wussermann reaction, 1 1 a doubtful 
result, and in 29 the reaction was positive. Certainly late cases, even 
after long courses of treatment, may preserve a positive reaction. 

Immunity 

Clinical and epidemiological observations suggest that those who 
suffer an attack of yaws develop a serviceable immunity. In native 
communities it is generally believed that one attack protects against 
subsequent infection, an opinion shared by many medical men. It is 
believed that immunity develops more quickly and in higher degree the 
more florid the secondary eruption and the greater its distribution over 
the body. Interruption in the course of the disease in this phase by 
treatment hinders the development of immunity. The whole subject has 
been complicated by the introduction of the conception of what has been 
termed Infection immunity’’ in syphilis and its extension to yaws. This 
hypothesis suggests Ihat so long as an infection with a particular 
organism exists, the body remains immune to reinfection but that once 
the body is completely cleared of the infecting organism susceptibility 
returns, but it fails to take into account many essential facts and is in 
all probability considerably wide of the truth. 

Experimental work on monkeys carried out in the Philippine Islands Eyperimcfiud 
suggests that the immunity in yaws, as demonstrated by failure to 
infect on rcinocutation, is a real immunity, that it develops only after 
the infection has lasted some considerable period, and that once pro- 
duced it remains for life. In monkeys, vsuccessful super-inoculation may 
be possible for the first seven months in yaws, in contrast to syphilis in 
which positive results were only obtained during the first six weeks. 

Thereafter, in both diseases i urthcr inoculations Fail to cause inoculaiory 
lesions. Reciprocal immunity between yaws and syphilis and between 
syphilis and yaws in monkeys has been demonstrated, but syphilis pro- 
duces immunity to syphilis more quickly than docs yaws to yaws. With 
a high-grade homologous immunity heterologous immunity occurs; it 
develops later but may he complete in these animals. After immunity 
has been produced, the organisms introduced by super-inoculation fail 
to multiply and in high-grade immunity are completely suppressed. All 
the secondary lesions may have healed while susceptibility to super- 
inoculation persists and altcrnalivcly lesions may remain long after 
susceplibilily to reinoculation has been lost 
It would obviously be unwise to apply the results obtained by animal 
experiment to man, however suggestive they may be. Experimental 
research on man has been so lar very limited; the factors involved are 
numerous and again any conclusions that may be drawn must still 
remain tentative. 'The results of work carried out recently in Jamaica, Immunity in 
using non-reactivity to experimental super-inoculation as the sign o\' 
immunity, suggest that immunity to an homologous strain of Treponema stmins 
pertenae (auto-inoculation) develops early in the course of a natural 
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yaws infection and that such immunity persists throughout the course 
of the active stage of the disease. Immunity to heterologous strains 
develops slowly over a number of years; 90 per cent of cases ot yaws 
in which the duration of the infection has been less than thice yeais 
may still be successfully reinoculated. If the disease in the eruptive stage 
is interrupted by treatment immunity is long delayed. 

Whether patients with yaws who have developed an immunity to 
successful reinoculation with yaws are immune to syphilis has ncvci 
been determined experimentally. On the other hand it is known that 
general paralytics are usually resistent to inoculation with yaws. The 
epidemiological evidence concerning cross-immunity is conllicting. It 
has been held that syphilis does not occur in certain yaws communities 
on account of the 100 per cent incidence of the lornier coni erring an 
immunity to the latter. This, however, has never been proved and 
certainly in other communities wide-spread yaws has not been a bar to 

the introduction of syphilis. _ „ -ii 

The apparent exclusion of one disease by the other is well illusliatcd 
in Nigeria but there, as elsewhere, it will probably be found to be 
apparent only and that it is the presenceof other factors which determ incs 
the presence of one or the other infection. 


Other blood changes 

There is no anaemia and there arc no changes in the leucocyte foimula 
in uncomplicated yaws. A low blood-cholcstcrol content has been 
demonstrated in the disease as in syphilis. The globulin precipitation 
test with distilled water has been found to be positive in at least a 1:3 
dilution, sometimes 1:1 in active cases. The reaction appears m the 
stage before the Wassermann reaction becomes positive, is less marked 
in latent cases, but persists after the Wassermann reaction has become 
negative with treatment. The yaws curve does not therefore run parallel 
with the Wassermann curve. 


4.-CLINICAL PICTURE 

In the past the symptoms of yaws have been described as occurring iri 
three stages, comparable to those described in syphilis. This inethod of 
presentation in syphilis has been found to need many modilications 
and in yaws it is still less applicable as there are not any clear-cut 
divisions into primary, secondary, and tertiary stages. However, with 
this proviso, the old method of designation will be followed. 

The incubation, period, i.e. the time which elapses between a naturally 
occurring infection and. the appearance of the primary lesion, remains 
a little uncertain. It varies probably in most cases between three and 
six weeks with limits of two weeks to several months. In experimentally 
induced infections in man typical primary yaws yielding treponema 
develop in three and a half to four weeks. During this period symptoms 
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are as a rule absent, the prodromal symptoms, which have been de- 
scribed by some writers, belonging more properly to the secondary stage. 

The primary lesion — '‘mother yaw\ "maman pian\ or 'inaclre buha'* 

The site of the primary yaw is determined to a large extent by liability Site of 
to trauma and may vary in dilTcrenl groups of cases. The location of the 
primary lesion docs not appear to inllucnce the course of the disease, races 
In baredegged unbooted native races the initial sore occurs on the lower 
limb below the knee in 50, 70, or 90 per cent, and is so located in males 
more often than in females in about the proportion 85 : 75. The ankle 
and fool are involved nearly twice as often as the leg, and the anterior 
aspect of the leg more commonly than the back. The initial lesion may 
be on the face and neck in I'rom 5 to 10 per cent in various scries of 
cases, on the trunk in about 9 per cent, on the upper limb in 5, 10, or 
20 percent, and on the genitalia in under 1 percent. Among women who 
acquire the disease in adult life, infection is gained quite commonly 
from their own children by suckling, the primary lesion being on the 
nipple. In a series of cases in which both mother and child sulTcrcd from 
active yaws, the disease was contracted by the mother from her child in 
75 per cent and the converse in 25 per cent. 

In contrast to these (igures for natives in their natural surroundings arc Site of 
those recorded in the outbreak of yaws among Johannesburg miners. 

Primary lesions were found on every part of the body except the lower 
part of the leg, the ankle, aitd the foot, a fact explained by the habit of 
these men of working divested of most of their body clothing but never 
of their socks and boots. 

I'he primary lesion occurs at the site of inoculation, the organism 
gaining entrance by any breach of the skin surface; thus abrasions, cuts, 
insect bites, the vesicular dermatitis on the feet known as 'ground itclT 
due to ankyloslomc infection, vaccination scarilications, and leech bites 
niay all form portals of entry for the treponema, 'fhe organism may also 
be implanted upon an ulcer due to other causes and the primary yaw 
run its course independently of the ulcer. 

It has been stated, and the statement repeated with descriptive Mmaiy 
embellishments, without regard to the facts, that the primary lesion may 
appear as a vesicle or as an ulcer, 'fhe primary lesion is not an ulcer; it 
appears tirst as a papule and then develops into a nodular granuloma. 

How these mis-slatemeiUs arose is not very clear but they may be due to 
a wrong interpretation of the f’rcnch word ulemu which is used in a 
wider sense tlian the linglish word to include nodular as well as ulcer- 
ative lesions. In some cases the primary lesion is so small and undergoes 
retrogression so quickly that it passes unnoticed, in others indeed It 
seems probable that no visible lesion appears at the point ofinoculalion. 
Typically, however, the tiny papule develops in a few days into a small 
nodule and later into the characteristic crust-covered papillo-granulonm 
which projects from the skin surface. 

The covering is at tirst thin, tough and leathery, dry, and yellowish-grey, 
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nnly attached at the periphery but separated from the granuloma 
leneath by a drop of thin yellowish sticky muco-pus. If the crust is 
emoved a fresh one is formed by the honey-colourcd fluid which oozes 
rom the lesion beneath, or if the original covering has become split 
)r partially detached the exudate forms a matted crust with it. The 
esion when uncovered presents as a moist pi nki shared raised papillo- 
U'anuloma, sometimes exhibiting minute bleeding points. 

The fully developed primary yaw may vary considerably in size and in 
lome cases reaches enormous proportions; the diameter may be from 
I to 6 cm. When situated on the lower extremity it lends to be much 
arger than when it occurs elsewhere. 

In certain situations the lesion may undergo modification; thus on 
warmer and moisler areas of the skin, as in the axilla and about the 
pudenda and perineum where the skin surfaces are opposed, the crust 
gets rubbed off and the lesion becomes flattened and moist, with a 
mushroom-like appearance, an overhanging edge, and depressed centre. 
In other parts the crust may fall off and the granuloma become dry and 
warty with marked hyperkeratosis, heaping up, and exfoliation of the 
surrounding skin, most commonly seen when the mothcr-yaw develops 
on the foot. When the primary lesion develops in an already existing 
ulcer it tends to grow large and may fungate, just as a primary lesion 
produced by experimental inoculation of a granulating wound is much 
larger than one following inoculation of the skin. If such a case be sub- 
mitted to treatment the framboesial granuloma will disappear and the 
ulcer remain in siatu quo. 

The primary yaw may heal in a few weeks and have disappeared before 
the generalized eruption becomes manifest or it may retrogress spon- 
taneously as the metastatic eruption is developing. More commonly it 
lasts for many months and may outlive the secondary eruption and 
persist for many years. 

When the primary yaw heals, scarring tends to be more prominent than 
is the case with secondary lesions, partly probably because traumatiza- 
tion and secondary infection are commoner in the former. The colour 
of the scar in coloured races is sometimes said to be white, in distinction 
from the scars of the secondary lesions, which arc pigmented. This, 
however, is not essentially true; it is a question of whether there has 
resulted loss of tissue due to secondary infection of the primary yaw, or 
maltreatment, e.g. by cauterization. 

Accompanying the maturation of the initial lesion there is often a 
satellite bubo in the group of lymphatic glands draining the part. In 
this gland treponemata can be demonstrated, suggesting a dissemination 
by lymphatics before invasion of the blood-stream occurs. In a single 
case small nodules are recorded to have developed along the course of 
the lymphatic vessels between the lesion and the gland two weeks after 
the appearance of the initial lesion and one month before the secondary 
eruption occurred. 
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The secondary stage 

About one to three months after the development of the primary 
lesion the generalized or secondary eruption appears, in some cases 
ushered in or preceded by constitutional disturbance of varying severity Constitutional 
consisting of fever, malaise, headache, and aching pain with cxacerba- 
lions at night in the back and in the long bones and joints of the limbs. 

Some writers have laid stress upon the polymorphism of the skin Skin lesions 
lesions of the secondary stage, perhaps rather unnecessarily, as all the 
several types of eruption have essentially the same structure and only 
differ in magnitude, evolution, and grouping. The whole gamut of 
syphilological nomenclature has thus been introduced, and lesions have 
been represented as being roseolar, papular, macular, follicular, nodular, 
papulo-crosive, papulo-squamous, papulo-pustular, lichenoid, exfoli- 
ative, psoriasiform, keratoid, eorymbiform, frambocsioid, condylo- 
matoid, or verrucose. Metastatic yaws, however, differ in no essential 
way from the primary yaw. Their number may vary from less than half 
a dozen lesions to many hundreds scattered over the whole body. They 
tend to be more numerous in males than in females. 

The individual secondary lesion commences as a discrete tiny flat 
reddish papule with a corrugated surface. As this develops to the size 
of a split-pea it is seen to be covered by a tiny yellowish crust. Many 
such lesions may remain unchanged for weeks and then disappear, or 
they undergo further development into typical frambocsiform lesions. 

In perhaps 1 per cent of early cases this papular eruption may occur 
alone; in cases exhibiting the typical emoresccncc papular lesions will 
be found, if looked for, in about 12 per cent. The papules may be 
observed in all stages of evolution and retrogression. In some cases 
they tend to form more or less closely knit groups scattered over the 
face, body, and limbs; in others the massed micropapules with slightly 
corrugated surface and scale formation have the appearance of a 
lichen. Sometimes hyperkeratosis is more marked and the papules 
resemble the follicuh)-papule.s of lichen pilaris. Again, macules may 
occur, chielly on the back, less commonly on the abdomen and limbs, 

1 to .5 inches in diameter, the elements of which consist of minute 
conietd tolliculo-papules. These patches arc oval, rounded, circinatc, or 
irregular in shape as the result of coalescence, the margin is slightly 
hyperaemic, and in colour they appear paler than the surrounding dark 
skin. They are rough to touch and feel like goose-skin or a nutmeg- 
grater. 

Reference is often also made to the furfuraeeous desquamation, seen Desquamatm 
not uncommonly in yaws patients about the time of the secondary 
eruption, a.ssociated with a loss of the natural gloss of the skin, which 
becomes dry and rough. Lhat it is a manifestation of yaws has been 
denied by some ob.servcrs who hold that timong tho.se natives who 
continue to care for their skins and to use oil inunctions it is not seen. 

On the other hand, most observens believe the condition to be due to 
yaws; it may have a patchy di.stribution and, after persisting for some 
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^eeks, clear up. The po^vdery desquamation is due to the formation of 
Lightly packed minute scales, each probably representing a unit yaws 
lesion. In these areas papular and fra mboesi form lesions may develop. 
The patches resemble somewhat a tinea versicolor infection on a black 
skin. The secondary eruption in yaws may be pruriginous or this 
symptom may not be observed. 

Papular and macular eruptions may precede, accompany, or follow 
the main eruption; treponemata may be demonstrated in all. The 
evolution of the typical secondary yaw is precisely the same as that 
described for the primary lesion. Tn size they may vary from a pin’s 
head to half a crown but they seldom attain the dimensions reached by 
the mother- yaw. Secondary lesions known as daughter-yaws or satellite 
yaws may occur early, surrounding the initial sore. Also an cfnorcsccnce 
of papular lesions may surround a secondary yaw to form a constella- 
tion. Groups of franiboesiform lesions may fuse to form more massive 
growths; by a process of partial retrogression or healing a condition 
which has been called h'ingworni yaws’ may be produced. 

A secondary yaw reaches maturity in from two to three weeks; fresh 
crops may continue to appear at intervals of weeks or months for 
a year or so; the disease may then appear to come to an end but 
any one of these different types of generalized eruption together with 
typical framboesiforni lesions may appear, disappear, and reappear for 
twenty years or more after infection. It has been recorded that 2*5 per 
cent of cases infected twenty years previously showed infective lesions. 
The lesions are the same whether they occur in a bush native or in a 
town-dweller, in white or black. In any group of actively infective patients 
those with franiboesiform lesions will form 85 to 96 per cent of the 
total. On the other hand in a total population 100 per cent infected with 
yaws in all stages, only a minority will show the typical secondary yaws 
eruption. 

The various forms of the secondary eruption have been reproduced in 
experimentally inoculated yaws. Abortive lesions, such as may be seen 
in natural infections, tended to occur in reinooulated persons and there 
is evidence that they are a sign of a partial immunity. 

The distribution of the secondary eruption may vary considerably; 
vhen the number of lesions is small they tend to be situated on the 
varmer and moister parts of the skin, as has been remarked in the 
colder mountain endemic areas. When the lesions are numerous and 
:he whole body is involved, a greater proportion will be found upon 
exposed parts: the face, the anterior surfaces of the body and limbs, 
with a special grouping about the orifices, mouth, nostrils, vulva, and 
anus. Onychia and paronychia may be seen. The scalp is commonly 
spared. A secondary yaw, like a primary lesion, situated in a moist 
warm part becomes a moist lesion and resembles closely a syphilitic 
condyloma. An intercurrent febrile affection may cause a temporary 
disappearance of the secondary efflorescence. 

As in other diseases, irritation of skin surfaces and trauma may 
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determine the distribution of lesions and the common affection of the 
hand and foot may thus be accounted for. Owingto the special characters 
of the skin of the palms and soles, these lesions tend to take on rather 
special features. In the case of the sole of the foot, in consequence of Lesions on 
the thick dense epidermis the yaw may extend laterally and reach con- 
siderable size, causing much suffering, before the epidermis gives way 
and splits. Such a lesion is usually accompanied by marked hyper- 
keratosis with great thickening and exfoliation in the neighbourhood 
and goes by the name of ‘foot yaws’ or ‘crab yaws’. The condition is a ^Cvabyaws^ 
source of much incapacity and may persist for many years. In a group 
of 500 patients showing infective lesions 42 per cent presented only 
plantar yaws — 47 per cent of the males and .25 per cent of the females. 

In other cases, multiple lesions of the sole of the foot undergo hyper- 
keratosis and dry up leaving hard centres which eventually fall out 
leaving ‘nail holes’, the condition being known as ‘clavus’. Ciavus 

The palms of the hands may be the seat of lesions comparable to those Lesions on 
in the soles of the feet. Papules developing in the deeper layers of the 
epithelium may push their way to the surface with splitting of the 
epidermis and marked hyperkeratosis, or the lesions may be macular 
in type. In some cases hard rounded or llattened nodules appear with 
thick hard epidermal plugs in the centres which, as in the case of the feet, 
fall out leaving a condition which was originally described as ‘the 
peculiar pitting of the palms’. In other cases a general thickening of the 
epidermis with hyperkeratosis, cracking, and fissuring may be the only 
obvious affection of tl\e palms of the hands and soles of the feet. This 
may begin in one area and spread peripherally reaching the sides and 
dorsa of the hands and feet or it may he only noticeable over the joints 
of the lingers, hand, wrist, and toes. 

The condition is often associated with pigmentary changes; irregular Pipyrnmry 
areas with scalloped margins develop showing all degrees of depigmenta- 
tion and in adjacent areas hyper-pigmentation may be noted. These 
pigmentary changes extend on to the forearm and over the ankles but 
seldom reach the elbow or knee, 'fhey were first described by a German 
observer as a form of Iciicodermia under the name Mvhmg, 'Mehmg* 

A mild keratosis of the skin over the shins and elbows has also been Keratosis 
described. I’hc keratoid affections of the hands and feet tend to occur , 
late in the secondary period and to persist or, like other secondary 
lesions, they may develop after a long latent period. It is on this account 
that they are often incliKlcd among the tertiary manifestations of yaws. 

As has been indicated above, they constitute the commonest lesion in a 
composite group of yaws cases of all ages. 

Lesions of ttiucous niemlo'imes 

Though many tens of thousands of cases of yaws have passed through 
the hands of those in charge of antiyaws campaigns, it is seldom stated 
in the published figures whether lesions of the mucous membranes have 
been observed or, just as important, whether they have been sought for 
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and found to be absent. It is perhaps therefore a little unwise to assert 
that they do not occur, though many writers, basing their beliefs on their 
own observations, consider that the secondary eruption is limited to the 
skin and never appears on a mucous membrane. The published cases, 
and their number is very small, as cases in which a mucous membrane 
has been the site of a yaw, appear to be capable of explanation along 
other lines; some reported as examples of mucous membrane lesions 
have in fact been cases with lesions situated on skin, in ignorance of the 
fact that the nasal vestibule, the vulva, and the glans penis arc clothed 
with skin and not mucous membrane. One author referred to cases in 
which ‘the mucous tissues of the ears’ were affected . Many other eases 
have been recorded in which a lesion of a mucous membrane was stated 
to have been noted, when in reality the condition present was merely a 
spread of the lesion by continuity across a muco-cutanec')us junction. 
These straddle or a cheval lesions arc not uncommon about the lips 
and may occur at the conjunctivo-cutaneous junction. Apart from these 
there are a few apparently well authenticated cases in which a yaw has 
been discovered wholly upon the mucosa of the mouth or nose. These, 
however, are quite possibly not examples of the exanthem atfecting a 
mucous membrane but the result of direct inoculation by trauma, in 
the case of the nose by ‘picking’ the nose and in the case of the mouth 
by the teeth or rough food. 

Tertiary stage: tertiary lesions of skin and hone 

The lesions now to be described are usually spoken of as tertiary 
manifestations of yaws but though a latent period of many years may 
elapse before they appear, many if not all of them may occur quite 
early in the course of the disease, more often perhaps towards the end of 
the secondary stage. Just as many of the abortive skin lesions may be 
looked upon as evidence of a developing immunity, these so-callcd 
tertiary manifestations may be considered as evidence of the onset of 
sensitization or allergy. Tertiary lesions appear to be more common in 
patients in whom the secondary eruption has been ill-developed and less 
common in cases in which a florid exanthem has occurred. In some cases, 
probably in more than is usually suspected, a persisting primary or 
secondary lesion undergoes a change; there is a change in tissue reaction, 
breaking down occurs, and it takes on the character of a tertiary lesion. 
This change may occur at any interval from one to twenty years after the 
original appearance of the lesion. 

In other cases nodules form in the skin and subsequently break down 
with the formation of gummatous-like ulcers, practically indistinguish- 
able from those of syphilis. An ulcer may remain localized or spread 
widely over a large area leaving in its wake subsequent extensive 
scarring, often producing marked deformity. Instead of this more super- 
ficial type of creeping ulceration, the process may invade the deeper 
tissues and involve the bones. This attack upon bone from without 
must be distinguished from the other common tertiary manifestation of 
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yaws consisting in a primary osteitis, osteo-periostitis, or epiphysitis, to 
which may be added bursitis, teno-synovitis, and arthritis. 

Bone pain, as has already been pointed out, is common and often 
severe in the secondary stage and probably signifies a localization of 
the treponemata in osseous tissues. If the secondary eruption is profuse 
it appears possible that a true immunity may follow and no further 
devclopincnt of the organisms take place. On the other hand in some 
proportion of cases, perhaps 10 to 20 per cent or more in some endemic 
areas demonstrable lesions of bone occur, probably ot the same nature 
"as those that occur in the skin. In these late lesions treponemata 
are not found. As in the case of the skin, bony changes may appear 
in the latter part of the secondary stage, even when the primary lesion 
still persists, from six months to six years after the initial lesion appeared. 

In nearly 50 per cent the bone lesion begins within twelve months of the 
primary sore. In any group of yaws cases some 50 per cent ol those with 
bone lesions will be under liftcen years and 75 per cent under twenty 

''‘tony°i2on. arc in Ihrcc-quarCcra of the caacs and may 

number a hundred or more. In some the allcction involves practically 
the whole skeleton. The long bones show the highest incidenee; the tibia 
is alTcetcd in 40 per cent, the phalanges of the hand and loot each in 
30 per cent, the metatarsals, mctaearpals, and radius each 20 per cent, 
the humerus and patella each 15 per cent, the ulna and lemur each 
10 per cent, and the ribs, steriuim, tarsus, carpus, and pelvis each 5 per 
cent. The calvarium appears to be occasionally involved and it may be 
said that no bone is exempt (see goundou, p. 654). The shaft of the long 
bones is attacked four times more often than the epiphysis. The 
apparent disposition of children and young adolescents to develop 
bone lesions may possibly be associated with poor feeding and 
unbalanced diet. Serial routine radiological examinations of a huge 
group of early cases of yaws would probably show a higher uicidence 
still and yield without doubt a good deal of much needed inlormation 

concerning the evolution of these osseous reactions. 

Several types of bony lesions have been described on clinical, ladio- 
grapliieal, and necropsy findings but their relation to each other anc 
their pathogeny is still somewhat dotibtful. The symptoms accompany- 
ing the acute cases in young children are fever, local aching, pains 
worse at night and increased with any attempt at movement, tenderness, 

and sometimes swelling and shiny skin. , ■ ..i » /■ 

The X-ray appearances have been described as cluiracteristie: oval 
areas with the long axis in the axis of the bone, 1 to 30 mm. across, of appearances 
lessened density are seen either within the substance of the cortex or o/ksms 
cut into the surface of the bone, giving the appearance o pieces of the 
bone having been gouged out. The periosteum mtty be ^ 

these areas or it may be thickened and raised; there may also be some 
general rarefaction of trabeculae and loss of cancellous tissue giving 
picture of osteoporosis, or there may be thickening of the cortex wi 
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increased density according to the stage of evolution of the process. 
These areas may be few or many and scailcrcd all through the bone. 
They may apparently undergo rcsolutic)n with restoration of the osseous 
tissue or they may break down with the formation of (istulae. Some of 
these lesions as seen in radiographs may correspond to the clean-cut 
smooth hollows to be seen in dry bony specimens, 

In contradistinction to these focal lesions a diffuse type of osteitis may 
be seen involving the whole or some part of the shaft with its periosteum. 
The whole thickness of the cortex takes part in the process; the circum- 
ference of the bone is increased and the medullary cavity is narrowed. 
The periosteum presents irregular thickening or node formation and 
the trabecular architecture of the marrow is disturbed. During the acute 
inflammatory stage the bone is softened, and bowing, most prominent 
in the tibia and less often in the femur, may follow, the tibial deformity 
resulting in the ‘sabre tibia" of yaws — ^thc ‘machet leg" of the Congo 
or ‘boomerang leg’ of Australia. Later the acute phase may conic to an 
end and resolution take place, the tibial deformity, however, persisting 
with a still thickened cortex. Later still the bones may assume a more 
normal texture though the curvature remains. In other cases irregular 
thickenings of the bone persist, breaking down occurring with the 
formation of fistulae and ulceration of the skin. These processes may 
attack the epiphyses and joints and be associated with a hypertrophic 
synovitis, teno-synovitis, and bursitis leading to ganglion formation 
about the wrists, ankles, and elsewhere. 

The destruction of tissue may be very great, incapacity severe, wasting 
of muscles extreme, and cachexia profound. With atrophy of parts of 
the limbs, ankylosis of joints, gross scarring, and conditions resembling 
elephantiasis or mycetoma, the most grotesque deformities are pro- 
duced. 

Visceral lesions 

In connexion with the primary yaw, enlargement of the lymphatic 
glands draining the part may occur and a more generalized lymphaden- 
itis may be seen in the secondary stage. Glands become infected within 
two weeks and treponemata can be recovered from them. After the 
skin lesions have healed, treponemata are said to disappear from the 
glands; suppuration never takes place. That a generalized blood infection 
must occur appears to be indisputable; treponemata have been demon- 
strated in the splenic blood of man and in the peripheral circulation and 
bone marrow of experimental animals but visceral lesions in man have 
never been proved to be caused by the organism of yaws. In the present 
state of knowledge this would obviously be difficult. 

Some observers, however, believe in a framboesial aetiology for a 
number of conditions occurring among native patients which are else- 
where known to be caused by syphilis, such as general paralysis, tabes 
dorsalis, hemiplegia, paraplegia, aneurysm, and kerato-iritis. In the 
records of such cases a clear distinction has very often not been made 
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between the subject of parenchymatous nervous disease and cases 
exhibiting nervous symptoms due to vascular lesions. Recently in 
Jamaica an attempt has been made to correlate the indirect evidence of 
an association between yaws and "nervous lesions'. It was found that 
the yaws incidence among the total population of 57,000 was 56-6 per 
cent; among 100 collected "neurological cases' it was 80*0 per cent; or, 
put another way, there were I -2 neurological cases per 1,000 non-yaws 
inhabitants and 2-5 per 1 ,000 cases with indications of former yaws. The 
total population, however, includes all ages, whereas neurological cases 
occur among adults. It is not certain therefore that the incidence of 
neurological cases among non-yaws adults was any lower than among 
yaws adults. Of the neurological cases 89 per cent had had yaws or a 
positive Wassermann reaction, d'he scries included: 27 cases of hemi- 
plegia, 22 with a history of yaws plus 3 with positive blood-Wasscrmann 
reaction; 21 cases of paraplegia, 19 with a history of yaws plus 2 
with positive Wassermann reaction; 4 cases of general paralysis, all 
with history of yaws; 13 "tabetics', 9 with a history of yaws plus 4 with 
positive Wassermann reactions; 5 cases of facial paralysis, all with a 
history of yaws, four patients gave a history suggesting syphilis, one 
of these was a paralytic who also had a history of yaws: the second 
and third were cases of hemiplegia and tabes dorsalis respectively in 
whom the Wassermann reaction was negative and there was no history 
of yaws. 

Such evidence may be suggestive but that is all that can be said. Yaws 
might, in such cases, be merely a disposing cause or, as has been sug- 
gested elsewhere, a yaws infection might mask a subsequent syphilitic 
infection, which symptt)mless latent infection might later give rise to 
neural and vascular lesions. 

Uie cerebrospinal lluid has been examined in some small scries of Cerchrospiml 
uncomplicated cases of yaws, d'he Wassermann reaction has always 
proved negative in the secondary stage. In some very few cases a slight 
increase in protein and cells has been noted. In the absence of controls 
these findings cannot be definitely associated with the yaws infection. 

In 61 of the 100 Jamaican neurological cases the cerebrospinal lluid 
was examined and found normal in 43 and abnormal in 18. Among 
those with normal Iluids the btood-Wassernmnn reaction was positive 
in 42 per cent: among those with abnormal Iluids in 83 per cent. Of the 
18 cases with abnormal Iluids the deviation consisted of: positive 
Wassermann reaction in 13 (with normal mastic curve in 6, abnormal 
in 7); abnormal mastic curve only in 2; increased cell count (14 cells) 
only in one; and positive Tandy test in 1. In three-quarters of the cases 
with hemiplegia the blood-Wassermann reaction was positive. In 13 of 
the 22 the cerebrospinal lluid was examined and found normal in 9 and 
abnormal in 4 (positive Wa.sscrmann reaction in 3, positive Pandy test 
in 2, and an abnormal mastic test in 1). 

d1ie blood-Wasscrmann reaction among 1 8 cases of paraplegia was 
positive in 12 and negative in 6. In 1 5 of the I8 cases the cerebrospinal 
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fluid was examined and found normal in 10 and abnormal in 5 (positive 
Wassermann reaction 3, cell increase 1, abnormal mastic test 1). 

There were 9 cases of tabes with yaws: the blood-Wasscrmann reaction 
was positive in 5 and negative in 4. In 7 cases the cerebrospinal fluid was 
examined and found normal in all. Of the 4 cases of general paralysis 
the blood- Wassermann reaction was positive in 2 and negative in 2; all 
yielded abnormal cerebrospinal fluids (1 a positive Pandy test only; 

1 showed increase in cells, positive Pandy test, positive Wassermann 
reaction and mastic curve; I a positive Wassermann reaction, cell 
increase, positive Pandy test, and abnormal mastic curve, 1 a positive 
Wassermann reaction and an. abnormal mastic curve). 

Such cases, occurring in a community wherein yaws is rife but syphilis 
cannot be excluded though apparently rare, must await further progress 
in our knowledge before they can be written down as framboesial and 
the changes in cerebrospinal fluid as due to an infection with Treponema 
pertenue. 

Three cases have recently been reported fronn Jamaica, in childien 
aged 9, 5, and 2 years respectively, one with yaws of 18 months and two of 
1 month duration, in whom swellings in the testis and epididymis were 
noted. It was considered that these lesions might be due to yaws but no 
proof was forthcoming. 

5.-COMPLICATIONS AND SEQUELAE 

Yaws does not appear to dispose to any particular complication but 
causes an enormous amount of invalidity and incapacity in endemic 
areas. The general health is undermined and wasting marked in many 
tertiary cases and there is a greater liability to sepsis and intercurient 
infection. Stunting of growth, cancrum oris, and stricture of the pre- 
puce have been recorded. Among the sequelae are gross scarring with 
keloid formation and -fixation of joints and contractures. Malignant 
changes implanted on framboesial lesions appear to be very rare; 
melanomatous growths, however, have been noted on the site of old 
‘crab yaws’, possibly due to the habit of holding the affected foot in the 
hot smoky flame of burning powdered resin. 

Three conditions, gangosa, goundou, and juxta-articular nodules, at 
one time considered separate clinical entities, are now generally recog- 
nized as due to yaws, though similar if not identical affections may 
rarely be caused by syphilis. 

(1) — Gangosa 

Gangosa is a native word applied to the condition otherwise known as 
rhinopharyngitis mutilans in which a destructive ulcerative process 
attacks the pharynx, palate, and the soft parts, cartilages, and bones of 
the nose with the production in fully developed cases of a great hole in 
the middle of the face bounded below by the upper lip, which is spared 
in all except late persisting cases and never wholly destroyed. The pro- 
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cess may undergo nuUiral arrest at any stage and before gross mutilation 
has occurred. In other cases the loss of tissue is very great; the process 
may spread up the lacrimal ducts or across the upper part of the cheek 
and invade the conjunctival sac and the eye. Both globes may be de- 
stroyed and the contents of the sockets be replaced by granulation 
tissue, (n other cases the antra are involved; in a few the Eustachian 
tube and middle ear arc affected with loss of hearing. The larynx is 
rarely attacked, the tongue never, and the process docs not occur in any 
other part of the body. 

Cases of gangosa have been recorded from nearly all endemic yaws Incidence 
areas; if not recorded it does not follow that they do not occur. There 
is, however, a very great dilfcrencc in incidence, suggesting that some 
second factor may be involved in the aetiology. The affection may begin 
at any age from early childhood onwards, though perhaps most cases 
come under observation in early adult life. The lime which elapses 
between the infection with yaws and the onset of gangosa also varies, 
from under a year to twenty-five years. In some areas there appears to be 
a much higher incidence in females than in males. 

Pathologically the affection is a slowly advancing necrosis with very Morbid 
lilUc tissue reaction. At the edge of the lesion the epithelial layers of the 
skin arc thickened, with parakeratosis and acanthosis; the epithelial 
pegs arc long, thickened, and irregular, and the subcutaneous tissue is 
oedematous and infiltrated. In the ulcerated area the superficial stratum 
consists of a structureless necrotic layer lying upon a fairly defined 
connective tissue which shows marked infiltration with round cells and 
some plasma cells. 'I’hcrc is no perivascular infiltration but the vessels 
arc plugged with hyaline material and their walls obliterated. Trepone- 
mata have never been demonstrated in gangosa lesions, but the process 
is arrested by anti-yaws ircalment. 

'Fhc disease may run an acute course with rapid destruction or a very CHukal 
chronic course over many years. Arrest may occur after the process 
has been acute, or progress may be intermittent. The general health 
usually remains remarkably good. 'There appears to be an association 
between gangosa and the previous presence of yaws lesions about the 
nostrils and lips. 'Tlic condition begins with symptoms of nasal obstruc- 
tion, cory/a, or sure throat associated with dull pain and itching deep 
to the nose and a sensation of dryness. Congestion and infiltration of 
the mucosa and some swelling of the bridge of the nose externally may 
be noticed; in others the first obvious lesion may be a dirty 'sloughy 
superficial ulceration on the pharynx or palate. Progressive destruction 
of the parts then goes t)n, in many cases with a minimum of obvious 
ulceration. In others there may be a good deal of foul-smcUing muco- 
purulent discharge. 

(2) — Goundou 

Goundou is the name given to a condition in which hard paranasal 
swellings appear, d'hey arc usually bilateral and symmetrical, varying 
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in size from a bean to an orange. They spring from the ascending or 
nasal processes of the superior maxilla. First noticed when perhaps the 
size of a haricot bean, they may grow rapidly or more slowly and become 
arrested at any stage of enlargement. The geographical distribution of 
the condition appears to correspond roughly with that of yaws as far 
as records go but the incidence in endemic areas appears to vary con- 
siderably; the condition is common in West Africa but rare in Indo- 
China. 

Actively growing specimens show an outer shell of bone covered by a 
thickened adherent periosteum and within a richly vascular fibrous 
substratum showing a feebly inflammatory reaction in which irregular 
lamellae of bone, areas of plasma-cell infiltration, and collagenous 
sclerosis are seen. The process is a low-grade inflammatory osteogenic 
hyperplasia. Treponemata have never been demonstrated in this tissue. 
When the active process comes to an end the signs of inflammation 
disappear, the tumours become hardened, and the covering periosteum 
normal. 

The onset is usually in early childhood during the attack of yaws or 
soon after and it is not uncommonly associated with sabre tibia or a 
more generalized framboesial osteitis. In a lew cases the onset has been 
after a latent period of some years. Goundou is never congenital as was 
at one time suggested. Associated with these paranasal swellings there 
may occur an osteitis of the whole of the maxilla, and any or all of the 
bones of the face including the mandible may be similarly involved 
with the production of gross deformities, resembling in some cases 
those of leontiasis ossea. In some cases actual goundou may be absent 
but a tumour the size of an orange may grow from the palate and 
present at the mouth. Suppuration never occurs, 

A somewhat similar condition may possibly result from a syphilitic 
osteitis. Goundou-like swellings may occur among white races in cases 
which are diagnosed as leontiasis ossea or osteitis fibrosa; they may 
be seen in osteitis deformans, and somewhat similar paranasal bony 
growths are found in some animals, notably apes, monkeys, and 
equines. The very variable incidence of goundou in man suggests that 
some other factor may play a part in its aetiology. 

(3) — Juxta -Articular Nodules 

Under this designation several different morbid conditions have been 
described. The term should be reserved for the condition as originally 
described by Lutz and by Jeanselme (nodosites juxta-articulalres). So 
defined they consist of hard, smooth or lobulated, painless, insensible, 
often symmetrically placed nodes, which arise in the hypodennal con- 
neclive-tissne in the neighbourhood of the larger joints and sub- 
cutaneous bony crests liable to pressure. They may be partly movable, 
more commonly fixed to subjacent structures, and rarely adherent to 
the skin. The skin covering them is normal except when changes have 
resulted from friction. They vary greatly in number from a single node 
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to a dozen or more on each side of the body; they arc often grouped 
and may together form a mass of considerable size; individually they 
may be from the size of a haricot bean to that of a tangerine. They 
occur most commonly aboul the elbows, knees, ankles, the femoral 
trochanters, the ischial tuberosities, and the iliac spines. 

Both sexes are susceptible and the nodules are most common in incidence 
persons over middle age. The condition has been noted in most endemic 
yaws areas and may be Ibund in as many as 2 or 3 per cent of some 
groups of cases, though in others the incidence is small. 

A similar if not identical condition has been described in more recent 
years as occurring in syphilis, though the number of such cases in 
Europe is very small. The exact relation of these nodes to yaws or 
syphilis has not been determined. It is usually stated that treponemata 
arc not found in the lesions, but they have recently been demonstrated 
in nodules due to yaws by 'rurner and E'erris. The contents of the node, 
when softening has taken place as it appears to do more commonly in 
the syphilitic form, arc sterile. 

The histological picture varies somewhat according to the stage oi" Morbid 
evolution of the node. Eying in an envelope of loose connective tissue, 
the nodule consists of an outer zone of dense concentrically arranged 
fibrous tissue, poor in librohlasts but rich in collagen fibres with here 
and there collections of round cells showing in many cases a peri- 
va.scular arrangement. More centrally hyaline changes and homogeniza- 
tion are noticeable and multinucleatc swollen connective-tissue cells, 
like pscudo-giant-cells, may be seen. Within the outer layer an inner 
core is found consisting ol' a creamy amorphous magma devoid of 
cellular elements which has been likened to z.inc ointment. In their 
earlier stages of development they respond to antiyaws or anlisyphilitic 
treatment. 

6.-TRi;ATMIiNT 

(1) — Prophylaxis 

In view of the aetiology of the disease, prophylaxis must depend upon 
the protection of the individual from e.xposurc to infection and protec- 
tion from skin trauma and possibly insect vectors. The latter might be 
attained by the ailoption of suitable clothing and therefore is impracti- 
cable in many native communities, the former by segregation and 
treatment of infective cases. In communities in which up to 100 per 
cent become infected, prophylaxis must largely consist of an attempt to 
treat all infective cases and render them non-contagious. 

Since about 1925 cll’orts have been made in most countries where yaws 
is endemic to put this operation into elfect. Antiyaws campaigns have 
been launched on a very large scale but unfortunately, in most cases, 
no proper survey of the problem in hand lias been made, no effective 
control has been established, and llie results of the particular therapeutic 
measure have not been adequately followed, so that no very definite 
conclusion can be drawn as to the eHiciency of these attempts at mass 
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treatment. To some extent these defaults arc inseparable from the 
conditions under which these campaigns are promoted. 

The stage of the disease at which treatment should be initiated, the 
best preparations to be used, and the most advantageous dosage and 
courses of treatment were questions about which little was known and 
concerning which knowledge lacks precision. In a single experiment it 
was demonstrated in a volunteer inoculated with yaws who swallowed 
1 hour later 3 tablets of stovarsol and on 3 subsequent days 4 tablets per 
day that no infection occurred in the subsequent 8 weeks, whereas in a 
control monkey given the same inoculation, but no treatment, infection 
resulted. 

In the opinion of Turner and Saunders, of the Jamaica Yaws Com- 
mission, ‘the control of yaws through curative treatment alone is im- 
practical if not impossible’. They .suggest the only method of effecting 
any material reduction in the annual attack rate, and thus of lowering 
the incidence of the disease in any community, is by the reduction, 
through treatment, of the sources of infection. The methods to be 
adopted in making a preliminary survey of the problem and in planning 
the campaign against the disease have been dealt with by these authors 
in detail. 


(2) — General Treatment 

Treatment in hospital of the thousands of cases of yaws which may 
seek medical care is seldom possible though nursing along general lines 
will do much to relieve symptoms. Warm mildly antiseptic baths may 
be recommended. Local applications to the lesions of the secondary 
eruption are seldom possible or necessary as they will clear up under 
specific medical treatment, but for more persistent lesions gauze dress- 
ings with a mild antiseptic powder are best. Rest is advantageous and 
any dietetic deficiency, common enough among yaws-infected native 
communities, should be corrected. 

(3) — Specific Treatment 

All those drugs which have been used in syphilis have been tried in 
yaws. 

Mercury 

Mercurials were used, it is stated with success, in the old slave days, 
but fell into disuse presumably because they were found wanting. By 
most observers at the present time mercury is considered to have little 
or no action in yaws, and some hold that this difference in the effect 
of mercury constitutes a point of differentiation between the disease 
and syphilis. At all events mercury finds no place in the treatment of 
framhoesia at the present day. 

Potassium iodide 

Potassium iodide may he used with advantage in the treatment of some 
of the late manifestations but should be so employed only after or in 
conjunction with arsenic or bismuth. 
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Arsenic 

The organic arscnicals have been found to be the most potent thera- 
peutic agents in yaws. Hieir action in clearing up the secondary eruption 
is in many eases most dramatic. This led in the earlier years of their use 
to the belief that yaws was a disease easy to combat. hTirthcr observa- 
tions, however, showed that this was not true and that with the doses 
then used many eases were only rendered latent. This gave rise to the 
introduction ofthc rather unfortunate expression "clinical cure’, a phrase "Clinical cure' 
better rendered perhaps by the lu'cnch word '’hlcmchissemenC . 

Both trivalent and pentavalcnl compounds have been employed. Of Arsphenamine 
the former arsphenamine need not be discussed; the disadvantages 
associated with its preparation for use and the severe reactions which 
may follow render it inappropriate for the treatment of yaws. These 
disadvantages were ovcrcotnc with the introduction of neoarsphen- Neo- 
amine, nec^salvarsan or ‘914’ also known as neoarsenoben/ene, which arsphenamine 
has proved a drug ofthc greatest value in yaws, 'fhe best individual dose 
and the length of the courses of treatment necessary to eUcct cure still 
remain unsettled. 'ITe chief object of the antiyaws campaigns has 
admittedly been to attempt to reduce the number of infective eases in 
any particular area, and very few controlled results are available over 
any siiHicient period of time, 

1’his probably accounts for the very varied observations published. 

Some of them may be cited: 94-5 percent of patients remained well one 
and a half months after a single injection of 0-6 gni.; 25 per cent cures 
(sic) after one and 50 per cent cures after two injections of O-Ol to 0-015 
gm. per kilo body weight; IH per cent cured (sic) after one and 60 per 
cent al'ter two injections; two injections of 0-3 and ()'6 gm. at a week's 
interval were followed by no relapse during the subsequent twelve 
months. Other observers lind that larger doses and longer courses arc 
essential: two doses each of 0*75 gm, followed by two others of 0*9 gm. 
at four-day intervals; a total of 5 gm. is aimed at by others or six 
weekly injections of a dose of 0*05 gm. per lO lb. body weight, 
d'he immediate elfects of treatment upon the yaw lesion and the con- 
tained trcptmcmala have been mentioned. Two hours after a single 
injection of ncoarsphenamine it may be impossible any longer to 
demonstrate the organism by dark ground illumination and none can 
be sliown twenty hours later by staining. Within six hours the yaws 
granuloma often begins to clear up, in twenty-four hours the exudate 
has ceased, pt)lymorphonuclear cells have disappeared, and phago- 
cytosis may be observed; the epidermis may be almost restored and 
the hyperkeratosis markedly reduced. 

Sulpharsphcnaminc (disodium - diamino - dihydroxyarsenobenzene- S'/gyVi- 
trimethylencbisulphite), though easy to administer by the muscular or ^esphenamme 
deep subcutaneous routes, appears to have been little used in spite of 
the good results obtained in syphilis, 

‘Arsenoxide' in the form of mupharsen is of low ioxity and forms a "Anenoxide 
r.M. VOL. XU 7 u 
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useful remedy ill syphilis in doses of 40-60-75 mgm. intravenously, but 
it has not yet been given a trial in yaws. 

Among the pentavalcnt arscnicals tryparsamido finds no place in the 
therapy of franiboesia. 

Acetarsol (stovarsol) is a useful preparation in treating the disease in 
children. For infants and children up to 5 years the dosage is 3 tablets 
each of 0'25 gm. on each of two successive days; for children from 5 to 
15 years, 4 tablets arc given. Another method is to give 2 tablets on the 
first day, 3 on the second, 4 on the third, and none on the fourth; and 
on the fifth, sixth, and seventh 4, 3, and 2. 

In adults acetarsol-sodinm in 0*5, t-0, 1*5 gm. doses intravenously at 
48 hours intervals, to a total of 9*0 gm. for secondary and 15 gm. for 
tertiary yaws, has also been found iiseful. 

Tablets of treparsol, 0-25 to 1 gm. daily for 4 days in SLieccssion in 
each of 4 weeks, may he tried. 

Acetylarsan (diethylamine acetarsol), an easily eliminated compound 
and therefore one that can be administered in large doses of 0*02 gm. 
per kilo body weight subcutaneously at 48"hour intervals, is only on 
trial. Solganol B (an organic compound of gold), six doses of 0*1 gm. 
intravenously at 5-day intervals, is said to have caused the disappearance 
of lesions but as a treatment in yaws is of no practical importance. 
Taiwan (sodium vanadium tartrate) has been proposed but as yet has 
not been tried out in yaws. 


Bismuth 

Bismuth was introduced into the treatment of yaws after the demon- 
stration of its usefulness in syphilis, and on account of its cheapness and 
efficacy in yaws has in many countries almost superseded arscnobcnzcnc 
derivatives. It may be given as the metal or as an insoluble salt, in 
watery or oily suspension. The bismuth preparations which are soluble 
in water or in oil appear to be unsuitable for various reasons. 

The oxychloride, so often used in the treatment of syphilis, in bi-weckly 
deep subcutaneous injections of 0*2 to 0*3 gm. does not appear to have 
been given the trial it deserves. In its place the salicylate, the subgallatc, 
or double tartrate are generally preferred. 

The salicylate as a 10 per cent oily suspension in doses of 0*2 c.c. per 
10 lb. body weight is administered by deep subcutaneous injection at 
intervals of 3 to 4 days with a total of 3 to 6 injections. 

The subgallate (dermatol) is given in doses of 1 c.c. of a 10 per cent 
oily suspension per 10 kg. body weight intramuscularly at 4-day intervals 
to a total of 1-5 gm. of metallic bismuth. The oxyiodo-gallate (airol) is 
preferred by some observers: 10 weekly injections, intramuscularly, of 
1 to 4 c.c, of a preparation containing 20 gm. to lOO c.c. glycerin and 
water. Sodium potassium, bismuthyltartrate is given as an oily sus- 
pension in doses of 0*2 gm. in 2 c.c. of diluent deep subcutaneously to a 
total of 3 gm. for adults; for children 0*05 gm. is given intramuscularly 
every 4 to 5 days to a total of 5 injections. 
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A suspension of precipiluted metallic bismuth in a glucose or saline Bismuth 
medium in doses of 0'15 to ()'2 gm. inlramusciilaiiy at 3 to 4 day 
intervals is perhaps worthy of rurther trial. 

Recently bisnene, a bismuth analogue of urea stibaminc, has been pre~ Bisnene 
pared containing 50 per cent of metallic bismuth to be given at weekly 
intervals, 4 doses of 0-1 to 0'15 gm., but results have not yet been 
published. 

The most recently published results of controlled treatment in Jamaica Results of 
arc as follows. Of 1 ,103 cases of yaws treated with from 1 to 6 injections ^a,%henamme 
of neoarsphenaminc (average 4) and of S58 cases treated with bismuth treatment in 
salicylate in the same way (average 4-5) and kept under observation 
for eighteen months, approximately 23 per cent showed relapse. Of 
the neoarsphenamine-treated patients who received only one injection 
42*S per cent relapsed; of those who received six injections 18*9 relapsed. 

Nearly half of the relapses occurred in the lirst six months after treat- 
ment. Liability to relapse tends to decrease rapidly as the number of 
treatments increases up to three or four and then more slowly up to 
six. Relapses were more frequent in areas where the rainfall was heavy 
and during the rainy season, a fact which should never be lost sight of 
when evaluating any particular treatment. 

It has been suggested that an active immunization to yaws could be 
produced by the intra-mesodcrmal inoculation of dead trcponeinatous 
material from cases ol* yaws, but no work along these lines has been 
carried out. 
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i. -DEFINITION AND HISTORY 

1616.] Yellow fever is an acute highly dangerous febrile disease due 
to an ultramicroscopic virus, occurring epidemically or endemically 
in South America and in West and Central Africa. It is characterized 
by a sthenic fever followed by a quiescent period, and by bradycardia, 
jaundice, albuminuria, and a terminal crisis. An infection produces a 
lasting immunity. The disease is transmitted under natural conditions 
by mosquitoes, principally Aedes aegypti, except in certain areas in 
South America where A. aegypti is absent and other vectors take its 
place. It is not transmitted by contact, except under laboratory condi- 
tions; it may be contracted from infective blood or tissues. 

Finlay, in Havana, from 1886 onwards constantly stated that yellow 
fever was conveyed by the bite of a mosquito; in 1901 Reed and Carroll 
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showed that the causal agent was contained in infected human serum 

and that it could pass through a Bcrkcfcld filter. Some twenty-seven Experimental 

years elapsed before Stokes, Bauer, and Hudson proved that yellow 

fever is due to a virus and transmitted it to the rhesus monkey (Macacus 

luulcitta). Since then other animals, such an hedgehogs and mice, have 

been found to be more susceptible. 

Infection in rhesus monkeys can readily be produced by subcutaneous 
or intrapcritoncal injection of infected blood, or by smearing blood 
from a patient with yellow fever on the unbroken skin, and exactly 
the same disease may be produced by the bite of an infected AMes. 

The several species of monkey which have been found to be susceptible 
to the viscerotropic virus arc the Barbary ape {Macacus inuus), the 
rhesus monkey [M. niula/la), the crab-eating macaque (M. irus), and 
the brown macaciues {M. spedosus and A/, sinicus); in the last two the 
infection is not usually fatal. The new-world monkeys arc not so 
susceptible. Marmosols usually die, but capuchin monkeys suftcr from 
mild febrile attacks, Ciuinea-pigs arc completely refractory to intra- 
peritoncal or subcutaneous inoculation. The Uuropcan hedgehog 
(Erinaccus eitropaeus) and its Sudanese congener (Atelerix alhiventris) 
are extremely susceptible. It has recently been found that the sera of 
some cows from hurope, Alrica, and India protect against yellow fever 
virus. It is probable that these virucidal properties are due to some 
physiological condition and not to a previous infection with the virus 
of yellow fever. 

An immense amount of information has accumulated about the 
nature of the virus and the method of its spread, the clinical aspects 
and geographical distribution of the disease, and the methods of 
prophylactic inoculation, and many of the apparently well grounded 
older conceptions have necessarily been modilied. The scene is changing 
so quickly that it is bccotning increasingly dillicult to present a com- 
prehensive picture ol' the disease. It appears that the virus is more 
widely distributed than the clinically rccogni/abic disease hitherto 
known as yellow fever. 

2-lYPi;S AND THlilR Gb:OGRAPHICAI. 
DISTRIBUTION 

The following terms have been sanctioned by international usage: (i) Urban forn 
urban yellow fever, transmitted by Aedes aegypti and controllable by 
aniimosquito measures in South America and West Africa; at present 
there is no evidence that any animal plays any part as a reservoir of 
the virus under natural conditions; (ii) rural yellow fever, transmitted Rural forn 
by A. aeyyp/i as above; and (iii) sclvatic or jungle yellow fever, occurring Selvatic or 
independently of Aedes and assuming epidemic proportions in southern jwigleforn 
Brazil, Bolivia, and eastern C'olombia but occurring sporadically in 
Magdalena (northern Brazil) and the valley of the Amazon; this form 
attacks only those who enter the forests. It is unknown in West Africa, 
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The work of the International Hcallh Division of the Rockefeller 
Foundation has shown that the geographical distribution of yellow 
fever is more extensive than was formerly thought. In the southern 
portions of the United States on the Atlantic coast, especially in the 
city of New Orleans, and in Panama, extensive epidemics ravaged the 
population of the larger towns during the latter part of the nineteenth 
century and greatly impeded the progress of public works and general 
development. This was especially the case in the historic episode of 
the Panama Canal. In the seventeenth and eighteenth centuries yellow 
fever constituted the scourge of the West Indies and hampered British 
enterprise on the west coast of Africa. The story of these epidemics, 
such as those in the Spanish-Amcrican war and in the campaign in 
Cuba, belongs to past history. 

To-day yellow fever is endemic in wide areas in Brazil as well as in 
Bolivia, Colombia, and Ecuador, although up to 1925 it was generally 
believed that yellow fever no longer persisted in South America. From 
1927 to 1929 it was found to be still present in Rio de Janeiro, where 
formeiiy there had been extensive epidemics; then locally infected 
cases were discovered in the States of Sao Paulo, Minaes Geraes, Rio, 
Bahia, Sergipe, Pernambuco, and Pard. Two unexplained outbreaks 
of mosquito-conveyed yellow fever were reported in Colombia and 
Venezuela. In 1930 the viscerotome was introduced for the purpose of 
obtaining liver tissue for pathological examination and animal inocula- 
tion, and the existence of jungle yellow fever was proved to exist in 
the Valle de Chanaan, Espirito Santo, Brazil. This jungle yellow fever, 
which is regarded as the more natural and permanent form, was found 
in an outstanding outbreak at Santa Cruz de la Serra, Bolivia (a town 
of 20,000 inhabitants), in the very heart of the continent, some 1,000 
kilometres from any known focus of infection, and in 1933 immunity 
surveys showed that yellow fever, though unrecognized, had not been 
really absent from any part of the Amazon valley for the previous 
twenty years. From 1934 to 1936 it was shown that jungle yellow fever 
is a wide-spread, important, and fatal disease. It has recently been proved 
that it is conveyed by the bites of Aedes leucocaneus^ Haemogogiis 
capricorn^ and certain sabethine mosquitoes. There appears to be no 
reason to suppose that the jungle fever and yellow fever transmitted by 
A, aegypti are not identical as the viruses have been proved to be the 
same, but man is an important source of infection for human beings 
only in the latter. A possible reservoir of the virus in jungle yellow 
fever exists in monkeys and opossums. A certain proportion of South 
American and West African monkeys (about 20 per cent) show a natural 
immunity to the virus of yellow fever, and do not appear to play any 
part in its dissemination. 

In Africa, Sawyer, Bauer, and Whitman have shown, as the result of 
immunity surveys, that yellow fever is very widely, but irregularly, 
distributed in a region extending from the coast of Senegal eastward 
for approximately 3,300 miles to the upper reaches of the White 
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Nile ill the Anglo-Egyplian Sudan. The northern boundary is the 
Sahara; on the west and south the boundary follows the Atlantic from 
Senegal to the extreme north of Angola; the eastern boundary is 
formed by the western lialf of Uganda and the White Nile and extends 
across Angola to the southern part of the Belgian Congo. The area has 
a maximal width of about 1,400 miles and lies between the latitudes 
of KY N. and (V S. Why the disease has not spread to Kenya and 
Uganda is unknown. 

Sporadic outbreaks of urban yellow fever continue to give grave Urban form 
concern in West Africa. In 1935 there was an epidemic in Bathurst on 
the Gambia, which was investigated by Findlay. During 1937 it was 
rather more common than before. Small epidemics occurred at Accra 
and Mepom ii\ the Ciold Coast and in Nigeria, and isolated cases have 
been notihed at Braz/avillc and Bangui in b’rench luiuatorial Africa. 

In the Anglo-f'.gyptian Sudan it has been found that 70 to 80 per cent 
of sera give a positive mouse-protection test in some villages in the 
region of the Nuba mountains. In South America it has been reported fn South 
from Colombia and Peru as well as from Bra/jl. Ammka 

A number oi‘ isolated cases of laboratory infections among workers Laboratory 
engaged in investigating the virus have been recorded. Berry and 
Kitchen collected thirty-live cases, but since the introduction of an 
ciriciciU prophylactic method of immuni/ation, these laboratory 
accidents have ceased. 

In the past il is recorded that yellow fever has been imported by Spread by 
ships into Portugal, Spain, and Italy, and even to the seaport towns 
of I'rancc and Great Britain, but the disease has never spread inland. 

Concern is now felt that, with the advent of the aeroplane and motor 
car and the t>pcning up of roads in the Dark Ckmtinent and in South 
America, yellow fever may be introduced into India or China, where 
immunity tests have shown that the disease has never existed, at least 
in historic times. 


3,h:pidi<:mioix)Gy and immunity 

It has been staled in the older works dealing with the epidemiology of 
yellow fever that it is especially liable to break out and spread in the 
squalid and insanitary surroundings of the wharves and quays of the 
larger seaport towns, and until recently it appeared to be true that 
yellow fever was indeed a disease of the seaboard and seldom spread 
inland and that when it did so it tended to follow lines of communica- 
tion. In former times it often occurred epidemically in sailing ships on 
the Ihgh seas and spread IVom one ship to another while they were 
lying in port off the coast of Portugal and southern ihxincc. Now it is 
understood that it may break out in a dry climate, such as that ot 
northern Nigeria, or in the humid steaming atmosphere of the forests 
of the Amazon. Yellow fever requires for its dissemination a mean 
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atmospheric temperature of 75*' F,, and it does not extend its range 
beyond 40"' north and 35"^ south. That urban yellow fever cannot 
continue to exist or spread in a locality where the mosquito is not 
present in sufficient numbers appears to explain many historic instances 
in which no special antiiuosquito measures have been employed and 
yet the disease has disappeared. 

The virus can enter the body through unbroken skin and so yellow 
fe\er may follow handling infective material. Two hospital infections 
have been recorded in laboratory technicians making blood-slides and 
performing biochemical examinations on blood withdrawn from the 
veins in the initial stages of the fever (Low and Fairley). Severe and 
fatal infections have also resulted from performing necropsies on 
infected monkeys. 

Prolonged residence in an endemic area of yellow fever docs not lead 
to immunity, and the indigenous natives who pass unscathed through 
an epidemic do so not because of any inherent protective attributes 
but because of a previously acquired and, it may be, a mild or aborted 
attack. After the subsidence of an epidemic it can, in lad, be shown 
that the number of persons who give a positive reaction to mouse- 
protection tests (see p. 669) is very much greater than the number of 
those who presented the clinical manifestations of yellow fever. 

When the virus of yellow fever is inoculated into rhesus monkeys 
they die before they have had time to elaborate immune bodies and 
therefore in a highly infective state. In human beings antibodies develop 
much, more quickly so that at the time of death, at the fifth or sixth 
day of fever, sufficient immune bodies have formed to make their 
tissues no longer infective. The serum of patients who have recovered 
from yellow fever contains antibodies which protect them for the 
rest of their lives as has been abundantly proved by the Rockefeller 
Commission’s researches in INigeria. 

The immunity produced by one attack of yellow fever is permanent 
for the rest of the patient’s life. The virus has been shown to exist in 
the human body for about 107 hours from the onset of the fever, 
and antibody appears about 80 hours from the onset; thus virus and 
antibody can co-exist for 20 hours or more. 


4.-YIRUS AND VECTORS 

The yellow fever virus exists in the circulating blood in an ultra micro- 
scopic and filterable form and passes through Berkefeld filters V and W. 
Findlay and Broom (1933) showed, by filtration through collodion 
membranes, that the size of the virus particles is approximately between 
18 and 27 m/^. As shown by Sellards and Kindle, it can retain its 
vitality when suitably preserved in a proper stale and even, when dried, 
can survive for many months. 

The virus of yellow fever is pantropic in the sense that it can produce 
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neurotropic 

strain 


lesions in all three embryonic layers. All strains, however, show two 

major tissuc-aHinities -wiscerotropic and neurotropic. The viscero- Viscerotropic 

tropism or neurotropism can be increased under certain conditions. 

Thus, as shown by dheiler, the virus, when injected intracerebrally affinities 
into mice, produces enccj)halitis and, after repeated passage in mouse Production of 
brains, becomes highly neurotropic; on vsubsequent subcutaneous in- 
jection into susceptible rhesus monkeys it docs not give rise to viscero- 
tropic lesions but the animals remain protected. If injected into monkeys 
intracerebrally it produces encephalitis. At the same lime, the mortality 
rate in mice injected intracerebrally is not diminished, though the 
incubation period is markedly prolonged. Findlay and Clarke (1935) Reconversion 
showed that under certain laboratory conditions it is possible to %cerotropic 
reconvert a neurotropic strain into the ordinary viscerotropic type. strain 
Elmendorfand Smith showed that the virus can be successfully grown Cultivation 
on the chorio-allantoic membrane of the chick embryo. When the 
virus is grown in scrum 'byrodc medium containing cither mmead and in tissue 
chick or mouse embryo, the pathogenicity to monkeys of the pantropic 
strains on subcutaneous or intrapcritoncal inoculation is greatly 
reduced, and neurotropism is not increased on intracerebral injection. 

For the purposes of study and also for the preparation of protective Concentra- 
vaccines, the virus can be concentrated by an ultra-centrifuge which is 
run regularly at 60,000 revolutions per minute and in which the rotor centrifugation 
is placed in a high vacuum. C'omplclc sedimentation of the virus is not 
obtained and a small proportion remains in the supernatant Iluid even 
when the haemoglobin has been separated out. The virus so obtained Inactivation 
is inactivated in distilled water and in physiological saline solution. 
lienee all suspensions should be made in monkey serum or in ascitic 
Iluid. Both the viscerotropic and neurotropic strains are inactivated 
by a Icmpcralurc of 60’ to 65'' (\ and by photodynamic action and 
dyes, such as methylene blue or prollavinc, or exposure to a pointolyte 
light. On the other hand they can withstand strong disinfectants, such R^istaiice to 
us mercuric chloride (1 in 7,500) and phenol (I in 150). disinfectants 

The incubation period of yellow fever rarely exceeds four or live days; 
the limit appears to be about thirteen or fourteen. A period of twelve 
days must elapse, after the moscjuilo has had a meal of infected blood, 
before the virus can be clfcclively transplanted to another human 
being. 'This, the extrinsic incubation-pcriod, appears to be the exact 
time which the virus takes to develop in the body-cavity of the mos- 
quito; but this period has been found to vary with the temperature 
and the strain of the virus, being slightly longer with those obtained 
from the South American jungle. 1'hcrcforc a period of at least a fort- 


night elapses between the recognition of yellow fever in a patient in 

a district (hitherto considered immune) and the occurrence of the first 

case which presages an epidemic. Therefore, in order that yellow fever Conditions 

can continue to exist and spread in a population, the following condi- 

tions arc necessary: (i) the speciiic virus; (ii) a suitable vector; and (iii) of disease 

susceptible human beings living under conditions in which virus and 
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man are accessible to the AUdes mosquito. This is generally recognized 
as occurring in the urban form of the disease. 

The optimal temperature for the development of the virus within the 
body-cavity of the mosquito is 26'" C., the extremes being IS"" to 37"' C., 
which correspond with the mean temperaUire of those regions in which 
yellow fever is endemic. Under natural conditions it appears that the 
percentage of mosquitoes which become infective is extremely small. 
The principal vector is Aedes aegypli. The female insect docs not lay 
eggs until she has had a complete blood-meal, and then deposits 
them within a period of three days from the date of feeding. It has 
recently been thought that other species of mosquito, under laboratory 
conditions at any rate, can transmit the virus. In northern Nigeria 
Mansonia ajricana may possibly act as a vector. The following mos- 
quitoes have been found able to transmit yellow fever by biting, under 
laboratory conditions, (i) Mosquitoes with universal distribution: 
Aedes aegypti and Culex fatigans. (ii) European mosquitoes: Aecks 
geniculatus. (iii) African mosquitoes: Aedes vittaius, A. luleoccphcdus, 
A. africanus, A. simpsonf A, stokesi, Mansonia africana, Culex iJialas- 
siuSy and Eretmopodites chrysogaster, (iv) Asiatic mosquitoes: Aikhs 
albopktus. (v) South American mosquitoes: Aedes fluviatilis, A. 
scapularis, A. leucocaneus, Haemagogm capricorn^ and, very feebly, 
H, janthlnomys. In general aedines arc crepuscular and non-aedines 
nocturnal in their habits. 

The incubation period, the period before a mosquito becomes infective, 
depends mainly upon the temperature. At C. four days suflice; at 
21° C. eighteen days; but at lower temperatures, 10° to 15° C., the 
virus persists in the body-cavity of the mosquitoes without their bite 
being infective. The development of the virus appears to be simple, 
the body-cavity of the mosquito acting as a sort of culture medium 
for, if infective mosquitoes are ground up and fed in a syrup to normal 
mosquitoes, they too become infective after the usual incubation 
period. Aragao has shown that the virus is present in the alimentary 
canal of the insect for ten days after an infective meal of blood but 
that subsequently it becomes centred in the salivary glands. 


5 -PATHOLOGY AND MORBID ANATOMY 

The biochemical changes in yellow fever can be interpreted as inter- 
ference with the liver function by the action of the virus. There is a 
loss of glycogen from the liver and a reduction in the blood sugar. In 
infected rhesus monkeys there is an increase in the blood of guanidine- 
like substances. The morbid changes in the liver are held to be so 
characteristic that it is possible to arrive at a diagnosis by micro- 
scopical section alone. The organ is friable and of a yellowish colour 
which has been compared to that of boxwood. The cytoplasm undergoes, 
in whole or in part, hyaline degeneration in which the tissue stains 
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intensely with cosin. In ;i small number of cells the nucleoplasm is 
occupied by acidophilic intranuclear masses ol' inclusions, Councilman Councilman 
bodies, which are similar to those in other virus diseases. The liver ^ 

cells are often separated from one another and tend to assume a 
rounded shape. The necrotic changes in the liver cells have been 
known as hyaline necrosis and produce an appearance of intense fatty 
degeneration. 'I'he most marked changes were found in the mid- 
zonal region of the liver lobules. The kidneys show haemorrhagic foci In kidneys 
under the capsule and the renal epithelium undergoes cloudy swelling 
which passes on to fatty degeneration. The tubules here and there arc 
filled with lime casts. There is a slight leueocytosis early in the disease, White blood 
followed by a Iciicopcnia. At lirst the polymorphonuclear cells pre- 
dominate but there is a rise in the mononuclears during convalescence. 


6.-CLINICAL PICTURE 

Recent experience has shown that yellow fever presents a widevariation of 
symptoms and that the external signs have little relation to the virulence 
of the infecting agent. The illness may begin insidiously with a slight 
chill. Beeuwkes, in an analysis of mild cases, reported that the most con- Mild cases 
stant symptoms were headache, pain in the back and extremities, photo- 
phobia, anorexia, prostration, congestion of the eyes, and a tongue 
coated in the centre with red edges and tip. In these mild cases the illness 
passes olT within live to six days witlu>ut vomiting, icterus, albuminuria, 
or any resemblance to the very terrible disease true yellow fever. 

In acute yellow fever the initial fever is sudden and lasts three to Acute cases 
four days. The temperature reaches its maximum in the first twenty- Temperature 
four hours and may rise to lO.T' or even 104" b., but during the 
subsequent three or four days it falls and becomes normal or even sub- 
normal. From the onset headache is the chief feature; for the most Headache 
part the pain is concentrated on the forehead and referred to the 
cyo-balls and in most cases there is photophobia. Tain in the loins is 
prominent and may be as severe as that ol smallpox, fheie aie also 
inten.se pains in the bones, especially in the ankles. Epigastric pain is 
also noticeable. The eyes arc pink and bloodshot and have a ‘ferrety’ Facies 
look. The face is flushed and swollen. The skin throughout the fever 
remains hot and dry. In the early stages the pulse-rate varies from 100 Pulse 
to 120 and is of the typical febrile type, full and strong; but during the 
‘period of calm’ it becomes remarkably slow and easily compressible— 
a typical bradycardia of ."«) to 40 beats a minute. This failing or constant 
pulse-rate with a rising temperature constitutes ‘Fagot’s sign’. Ths ‘Faget’s sign' 
tongue soon becomes coaled on the dorsum but the edges remain Tongue 
clean, and it remains small and pointed throughout the disease. In 
serious or fatal cases the tongue becomes dry, and thirst is intolerable, 
at the same time there may be bleeding irom the gums. 

By the third day the sclcrotics show an icteric tinge and usually the Jaundice 
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skin assumes the bright yellow tint from which the disease derives its 
name; but this is not seen in every case. In faial cases the discoloration 
becomes intensified and may become a deep mahogany brown, when 
it emits a peculiar odour which has been compared to that of a fish- 
market. Petechial subcuticular haemorrhages may also occur and give 
a blotchy blue or violet appearance. An erythematous condition of the 
vulva or scrotum is often noted. 

Nausea and vomiting are almost invariable. In the earlier stages 
bilious vomiting is common; later there occurs the 'black vomit’ which 
is regarded as a fatal sign. This vomit, v/hich is intensely acid, consists 
of broken-down blood-corpuscles suspended in a yellowish mucoid 
fluid. Sometimes there is a frank haematemesis but similar haemorrhages 
may occur from almost any orifice. 

Albuminuria is present from the outset and is an important feature 
from the point of view of both diagnosis and prognosis. Should the 
exudation of albmnin become excessive, suppression of urine may 
occur. In severe cases the amount of urine passed may fall to a few 
ounces; it is very acid and may contain bile pigments and bile-stained 
tubular casts from the fifth day onwards. 

Insomnia is usually present from the start but delirium is uncommon. 
Restlessness marks the initial period, torpor or coma the end. A welt 
marked tache can be demonstrated on the forehead and sometimes also 
on other portions of the body. 

Death may occur in the early acute stage, being usually presaged by 
hyperpyrexia, but most deaths occur on the lifth or sixth day. It has 
often been remarked that death seldom occurs before the third and 
rarely after the eleventh day. 

In mild cases the ‘period of calm’ which sets in after the subsidence 
of the initial fever may usher in convalescence. In severe cases the phase 
is followed by a third stage which is known as the 'stage of reaction’ 
— a remitting fever of an adynamic type, which persists for several 
days or weeks. Should there be any complications, such as boils, 
parotitis, or buboes, this may be of long duration. In the period of 
reaction the icterus becomes more pronounced and black vomit recurs. 
Relapses are very rare but when they occur are extremely severe. 


7.-PROGNOSIS 

Initial rigors, convulsions, diminution in excretion of urine, coma, and 
haemorrhages are all regarded as unfavourable. On the other hand, 
prognosis is good if the temperature in the initial fever does not exceed 
103° to 105° F. According to Sternberg, in cases in which the tempera- 
ture rises to over 106° F., there are no recoveries. The mortality among 
newcomers, or the unacclimatized, ranges between 25 and 30 per cent, 
but among the permanent indigenous inhabitants it is much lower, 
7 to 10 per cent. 
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8 -DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

WiUiin the lirsl three days of the fever the virus is readily transmitted Inoculation 
by inocululien of blood into rhesus monkeys, but it is much cheaper 
and more convenient to inoculate infective blood intracerebral ly into 
white mice, in which the characteristic encephalitis is produced within 
seven to (iftcen days. In fatal cases yellow fever is diagnosed histologic- 
ally by detection ol' the characteristic changes of the liver. In recovered 
eases the mouse-protection test may be employed. 

'Protection tests', which can be used for the diagnosis of yellow fever Protection 
in patients who have recovered from the disease, are based on the 
fact that after an attack of yellow fever immune bodies arc abundant 
in the scrum during life, and that when admixtures of immune serum 
and virus arc injected into susceptible animals infection docs not occur. 

A positive ‘‘monkey-protection tesP denotes that the animal survives 
after the injection of a mixture of the visccrotropic virus and the serum. 

When the neurotropic virus is employed, a mixture of the scrum and 
infected mouse brain is injected into mice subcutaneously and at the 
same time the animal is inoculated intracercbrally with starch. If the 
scrum fails to protect, the mice develop encephalitis; this is known 
as the hnouse-protection test'. Both these tests have been proved to 
possess a high degree of specificity and the results obtained with them 
in the same areas of Africa and South America have been shown to 
be in close agreement. 

Severe yellow fever must be distinguished from the pernicious forms Differential 
of subtertian malaria (the bilious remittent forms), blackwater fever, 
and infective jaundice (spirochaetosis ictcrohacmorrhagica) and other 
forms of jaundice, especially infective hepatitis (catarrhal jaundice). 

The usual methods of blood examination serve to exclude subtertian 
malaria unless there is, as sometimes happens, a concomitant malarial 
infection, Dengue, inlluenza, and, in Kenya, Rift Valley fever closely 
resemble the mild or abortive forms of yellow fever, and relapsing 
fever is not uncommonly diagnosed as yellow fever. When several 
deaths have occurred in a district within a few days of each other, and 
especially when they have been preceded by fever and black vomit, 
the suspicion of yellow fever becomes a certainty. 


9.-^tri:atment 

In the urban type of yellow fever prophylaxis is directed towards the Prophylaxis 
extermination of mosquitoes, especially the domestic-breeding Aedes Extermina- 
ciciiypt i . 1 his entails a knc)wlcdge ol tbc habits ol this insect, All empty fxiostiuitoes 
tins and vessels in the neighbourhood of dwellings must be destroyed 
and the harbouring of pails of rubbish strictly forbidden. All water 
tanks, gutters, and cisterns must be ofFcctually screened and all puddles 
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and stagnant pools filled in. The use of mosquito-nets should be made 
compulsory. 

Special measures have become necessary in recent years on account 
of the increase of aviation and. have been sanctioned by an Inter- 
national Sanitary Commission for Aerial Navigation. Prophylactic 
inoculation as a practical measure of immunizing visitors and residents 
in an endemic area of yellow fever is now being widely undertaken. 
The original method was based on the fact that the yellow fever virus, 
when it has become fixed for mouse brain by repeated intracerebral 
inoculations, fails to produce visccrotropic lesions. American and 
English workers added sufficient immune human serum to counteract 
the possible circulation of the virus in the blood-vStrcam. In France, 
however, Laigret has used the neurotropic yellow fever virus obtained 
from mouse brain either alone or mixed with cgg-yolk or bile. Some 
thousands of persons have been immunized by this method; not only 
may the immediate reaction be extremely severe, but a very considerable 
number of cases of involvement of the central nervous system have 
been reported. The use of the ncuroiropic virus alone is therefore too 
dangerous to be recommended. At present both in England (Findlay 
and MacCalluin, 1937) and in America the attenuated pantropic virus, 
cultivated in serum Tyrode medium containing minced chick embryo, 
is now solely employed. At first the virus inoculum was combined 
with human immune yellow-fever serum, but since 1 936 the virus alone 
has been injected and some thousands of persons have now been 
immunized without any serious reaction. 

Findlay and MacCalluni also drew attention to a peculiar form of 
jaundice, resembling epidemic hepatitis, with an enlarged and tender 
liver, which may develop two to seven months after yellow-fever 
inoculation and which takes usually five to six weeks to clear up. 
About ninety cases have been noted in a series of 3,100 inoculations. 
With a change of the strain of the virus no further oases of jaundice 
have occurred among more than 2,000 persons immunized. The 
explanation of this curious complication is almost certainly that some 
extraneous hepatotoxic agent of a virus-nature was injected with the 
yellow-fever virus. 

It is now generally recognized that in the treatment of yellow fever 
general measures and nursing are more important than drugs. The 
patient must be nursed in bed throughout. The injection of immune 
serum is the one potent measure available, and this is only of value 
during the incubation period when it may decrease the severity of 
The disease. A purgative from the onset, such as castor oil, is beneficial. 
Hot mustard pediluvia have acquired a reputation for relieving the 
intense headaches. During the high fever frequent tepid spongings, or 
even cold baths, may be employed carefully. Calcium lactate in large 
doses by mouth is probably of value in counteracting the excess of 
guanidine in the blood. Glucose is indicated, as in other hepatic con- 
ditions, and injection of 5 units of insulin improves its assimilation. 
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Glucose should be given in 1 drachm doses by the mouth, but when 
nausea and vomiting arc present amounts of 10 lluid ounces or more 
of 5 per cent solution of glucose should be injected intravenously. 

Water, lemonade, or barley water should be freely given to counteract Fluids 
the failure of renal function, b'or the lirst three days all food by mouth Diet 
should be withheld. When the appetite returns small quantities of 
bland food, such as tcaspoonfuls of albumen water, iced milk, or 
chicken broth, should be permitted and gradually increased. Nutrition 
may be aided by nutrient enemas. As regards specific treatment the 
method of Sternberg has gained a high reputation. This is directed to Sternherg\ 
counteract the acidity of the gastric and intestinal contents by a mixture 
of 150 grains ol' sodium bicarbonate and \ grain of mercuric chloride 
in a quart of water; 1 ] lluid ounces of this arc given every hour. 
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ZONA 

See Hekpes, Vol. VI, p. 513 


ZONDEK-ASCHHEIM 

REACTION 

See Pregnancy, Vol. X, p. 62 


ZOSTER 

See Herpes, Vol. VI, p. 513 



NOTE 


An exhaustive analytieal index to the British Encyclopaedia of 
Medical Practice fellows the eomplelion of this work. In the 
volume index below, each individual title is separately indexed in 
the volume to which it belongs, and there arc additional references 
and cross-references to assist the reader in finding whatever in- 
formation he may require as easily and quickly as possible. 

The entries in heavy type (e.g. I’ctanus) indicate the individual 
titles; those in large capitals (e.g. ABDBRllALDEN’S TEST) indicate 
the additional references and cross-references. 
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A 

ABDliRllALDIiN’S '11', ST, for cancer, 323 

ABORI'll'Adl'.NI'S, poisoning by, 123 125 

ABOR't'lON, biconniatc uterus, in, 423 

criminal, arsenic poisoning, from, 108 

C'ounscrs opinion to Royal College of Physicians ot 

London regarding, 65 

fibroids in iclalion to, 463 
retroversion complicated by, 433 
uiululanl fever cause of, 371 
vitamin E in relation to habitual, 597 

ABORTUS MtVER, undulant fever, symmym for, 361 

ACANTHOSIS, yaws, in, 638, 653 

ACROMliCiALY, thymus enlargement in, 28 

ADDISON'S DISEASE, thymus in, 28 

ADEN ULCER, tropical ulcer, synonym for, 256 

ADENOMA, umbilical, 35B 
uterine, 473 
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AEROCELE OF TRACHEA, 201 

ALBINISM, uveal tract, in, 4% 

ALBUMINURIA, yellow fever cause of, 668 

ALCOHOL, diailrobenzenc poisoning, effect on, 174 
tremor caused by, 232 
urine, in, tests for, 399 
vertigo caused by, 545 

ALCOHOLISM, pellagra as ‘conditioned deficiency’ of vitamin By in, 579 

ALKALI POISONING, 74-77 

ALLERGY, tuberculosis, in relation to, 292 

ALOPECIA, X-rays cause of, 187, 189 

AMMONIA POISONING, 15, 16, 160, 161 

ANAEMIA, arseniuretted hydrogen poisoning cause of, 164 
benzene poisoning cause of, 169, 170 
methyl chloride poisoning cause of, 181 
sarcoma of uterus cause of, 478 
undulant fever, in, 369 
uraemia, in, 381, 382 
uterine fibroids cause of, 461, 464 
X-rays cause of, 190 

ANGIOMA, choroid, of, 512 
iris, of, 511 

ANGIONEUROTIC OEDEMA, vertigo caused by, 551 
ANILINE POISONING, in industry, 177-180 
ANIRIDIA, 496 
ANISOCORIA, 496 

ANNAM ULCER, tropical ulcer, synonym for, 256 

ANTHRAX, notification of, 129, 134 
tracheitis in, 202 

APPENDICITIS, urachal cyst resembling, 402 

ARSENIC, poisoning by, 107-1 1 2, 1 36-1 38 

notification of, 129, 136 
toxic effects of compounds of, 283 
yaws, in treatment of, 657 

ARTHRITIS, tonsillar sepsis cause of, 42 

undulant fever complicated by, 370 

ASPHYXIA, mercurial poisoning cause of, 114 

ASPHYXIANT GASES, industrial poisoning by, 148-151 

ASPIRIN POISONING, 77, 78 

ATAXY, barbiturates cause of, 80 

mercurial poisoning, caused by, 142 

ATROPHODERMA PIGMENTOSUM, xerodermia pigmentosa, synonym foi' 
ATROPINE POISONING, 95-97 
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B 

HAC ILLUS, diphtheria, veldt sore, in relation to, 540 
tetanus, uinlalicus iidectcd by, 354, 355 

tuherclc, Bavillc ('ahijcttc-iiuvrin in prophylaxis, 287, 295 

bovine, incidence of, 287 
Vincenbs, tropical ulcci*, in, 258 

BACILLUS CRASSUS, ulcus viilvac acutunT of Id pscluUx caused by, 607 

BACTERIUM COLL untbilicus infected by, 354 
urethritis caused by, 610 

BARBITURAI liS, poisoning by, 78 <S2 

BARCOO ROT, veldt sore, .synonynj for, 538 

BARTHOLIN’S <>LAN1>, diseases of, 610 

BENCE JONES PR(yrbX)SE, cause and character of, 396 

BENDIEN’S d’ES r, for cancer, 323 

BENZENE POlSONlNCi, in industry, 166 172 

BILHARZIASLS, miliary tuberculosis, diagnosis from, 305 

BLADDER, carcinoma of cervix invading, 483 

tumours, dye industry cause of, 178-180 
urachal cyst resembling distended, 402 
uterine hbroid exerting pressure on, 462 

BLlNDNIiSS, cyclitis cause of, 505 
torulosis cause of, 55 
trachoma cause of, 213, 215 

BLOOD, calcium, uraemia, in, 380, 381 
carbon monoxide action on, 67 
hydrocyanic acid poisoning, bright pink in, 86 
oxalic acid action on, 91 
phosphorus, uraemia, in, 380 
picture, beir/ene poisoning, in, 170 

dinitrobeir/ene poisoning, in, 174 
torulosis, in, 54 
yellow lover, in, 667 
pressure, high, uraemia, relation to, 382 
vertigo caused by, 545 
low, vertigo caused by, 545, 549 
test, carbon monoxide in blood, for, 150 
transfusion, ben/.ene poisoning, in, i72 

umbilical haemorrhage, in, 357 
trichinclla larvae in^ 242, 244 
ti-ypanosomcs in, 264 
tubercle bacilli in, detection of, 294 
urea, cstimatioit of, 384 

uraemia, in, 380, 381, 384 
urine, in, test for, 396 
white-cell count, undulant fever, in, 369 

BOBCK’S SARC'OID, miliary Uiberciilosis, diagnosis from, 305 

BRAIN, abscess, omphalitis, sequel of, 354 

diseases, torulosis, diagnosis from, 56 
haemorrhage, strychnine poisoning, ni, 102 
whooping-cough cause ot, 621 
toxicology, in, 68, 69, 77, 80, 83, 99 
trypanosomiasis, in, 269, 270 
veins, anatomy of, 527 

thrombosis of superficial, 18 
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BRANDSEER, veldt sore, sytionym for, 538 

BRONCHITIS, undulanl lever complicated by, 368 
whooping-cough complicated by, 620 

BRONCHO-PNEUMONIA, miliary tuberculosis, diagnosis from tuberculous, 305 

poisoning cause of aspiration, 75 
undulant fever complicated by, 369 

BRUCELLOSIS, undulant fever, synonym for, 361 


C 

CALCULUS, tonsil, of, 43 
umbilical, 356 
urethral, 391 

CAMP FEVER, epidemic (louse-borne) typhus, synonym for, 329 

CARBON MONOXIDE POISONING, 66-^69, 149, 150 

CARCINOMA, a! pirn particle as carcinogenic agent, 194 
BartholiiTs gland, of, 610 
cervicis, fibroid, diagnosis from, 467 
cervix uteri, of, 480^89 
choroi d, of, 5 1 3 
trachea, of, 206 
LimbiUcai, 359 
urethral, 391 

uterine fibroids invaded by, 459 
uterus, of, 479-493 
vagina, of, 61 3 
vulva, of, 609 

xerodermia pigmentosa, sequel of, 627, 628 
X-rays, cause of, 189, 190 

CARUNCLE, urethral, 6 1 1 

CAVERNOUS SINUS THROMBOSIS, 20 

CELLULITIS, omphalitis, sequel of, 354 

CEREBROSPINAL FLUID, acute miliary tuberculosis, in diagnosis of, 303 

aspirin poisoning cause of salicylates in, 78 
barbiturate poisoning, in, 82 
cerebral thrombosis, in, 18, 19 
diagram of circulation of, 272 
torulosis, in, 54, 56 
trypanosomiasis, in, 271-274 
tumour dissemination by, 316 
yaws, in, 651 

CHEILOSIS, riboflavin deficiency, relation to, 582 

CHILOPA (bleeding disease), onalai, 254 

CHIUFA, minor tropical disease, 254 

CHOLERA, fungus poisoning resembling, 122 
trichiniasis resembled by, 244 

CHOROIDITIS, 498, 499, 509-511 

COCAINE POISONING, 97, 98 

COCHIN SORE, tropical ulcer, synonym for, 256 

COMA, poisoning, caused by, 94, 96, 98,99, lOO, 105, 113, 149, 166 
tick-typhus cause of, 343 
uraemia cause of, 381 
whooping-cough in infants cause of, 621 
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CONJUNCT! Vi riS, arsenic cause of, 137 

granular, Irachoina, synonym l\)r, 210 
iritis, diagnosis from, 502 
trachoma, complicated by, 20 

diagnosis from phlyctenular, 216 
tularaemia cause of, 31 1 

C;ONVU!>SIONS, poisoning, caused by, 9K, 103, 105, 113, 166. 177 
tick-typhus cause of, 343 
whooping-cough cause ol', 619, 62! 

COWPOX, 516 

symptoms and Iransmissu^n of, 516 

C ULL! :N\S SK»N, 359, 360 

CYANOSIS, aniline poisoning cause of, 177 
dinitroben/ene cause of, 173 
nitrous fumes cause of, 152, 153 
ii'acheal tuberculosis cause of, 204 
tumour cause of, 207 
trinitrcUoluene cause of, 175 

CTC'Ll CIS, 498, 490, 503, 504, 505, 506, 507, 508 
ti ypanosomiasis cause of, 277 

C'YvSTOC'ICJx definition of, 437 


D 

DRER-ldT I’fiVI'R, tularaemia, for, 309 

DliRM Ad rnS, arsenic cause of industrial, 136 
mercury fulminate caUvSc of, 140 
radium cause of, 192 
trill it roU>lucnc cause of, 175 
VC Id is, veldt sore, synonytn I or, 538 
vitamin !1 in relation to scborrhocic, 598 
X-ray, 189 

Ad’OSIS KAPOSI, xerodermia pigmentosa, synonym for, 626 

DESliRT SORE, veldt sore, synonym for, 538 

Di ABE I P'S M ELI ITUS, irido-cyclitis, in relation to, 506 

iritis in, 497, 502 
tropics, incidence in, 249 
vulvitis complicating, 607 

DIARRHOEA, arsenical poisoning cause of, 110 
uraemia, in, 383 

DIPHTHERIA, tonsillectomy influence on incidence of, 43 
tonsillitis, diagnosis from, 41 
tracheitis in, 202 
tropics, incidence in, 249 
umbilical, 355 

DIVl'RTK'ULITIS, urachal cyst resembling, 402 

DOYNirS HONI^YCOMB CHOROIDITIS, 514 

DYSPNOIiA, carbon monoxide poisoning cause of, 68 
dinitrobcnzenc cause of, 173 
foreign body in trachea cause of, 206 
tracheal obstruction cause of, 205 
tumour cause of, 207 
trichi ni as is cause of, 243 
tuberculosis of trachea cause of, 204 
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EGYPTIAN OPHTHALMIA, trachoma, synonym for, 210 

ENCEPHALITIS, post-wcinal, 523, 524 

torulosis, diagnosis from epidemic, 56 
vertigo caused by, 545 

ENDEMIC GLANDULAR FEVER, iiiilcdypluis, for, 347 

ENDEMIC TYPHUS, flea-typhus, synonym {ov, 337 

ENTEROPTOSIS, visceroptosis, synonym for, 559 

‘EPIDEMIC VERTIGO’, of Gcrlicr, 545 

EPILEPSY, cerebral thrombosis cause of focal, 18 

strychnine poisoning, diagnosis from, 103 
vertigo caused by, 545 

EPISPADIAS, 405, 406 

ERUPTIONS, atropine poisoning, in, 96 

trypanosomiasis cause of erythematous, 276 
vaccination, due to, 522 
yaws, of, 645, 646 

EXSTROPHY OF BLADDER, ectopia vcsicac, for, 402 


F 

FACET’S SIGN, in yellow fever, 667 

FAMINE FEYER, epidemic or lousc-bornc typhus, synonym for, 329 

FIBROIDS, UTERINE, 449-472 

retroversion, diagnosis from, 430 

EIBROLTPOMYOM A, lipomyoina, synonym for, 472 

FIBROMA, fibroid tumour, synonym for, 449 

fibromyoma and hbrosarcoina, vagina, of, 613 
trachea, of, 206 

FIBROMYOMA, fibroid tumour, synonym for, 449 

FItVRE BOUTOmEVSE, tick-typhus, 345 

FISTULA, recto-vaginal, carcinoma of cervix cause of, 483 
umbilical, 356 
urethral, 390, 403 
vaginal, 613 

vesico -vaginal, carcinoma of cervix cause of, 483 
FOLIE MUSCAJRIIFIQUE, fungus poisoning cause of, 121 
FRAMBOESTA, yaws, synonym for, 631 
FREUND-KAMINER TEST, for cancer, 323 
FUNGI, poisonous, 120-123 

G 

GANGOSA (rhinopharyngitis mutilans), yaws cause of, 652, 653 

GANGRENE, mercury cause of, 1 1 5 

omphalitis cause of, 354 
typhus cause of, 334 

GASTRO-ENTER.ITIS, cerebral thrombosis caused by, 17 
whooping-cough cause of, 621 
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GASTROPTOSIS, 564 
GHRllARITr'S SKiN, tracheal obstruction, in, 205 
giddiness, vertigo, synonyfii for, 544 
GIFSIilO^, veklt soi'c, syfioiivffi for, 538 
GLhNARD'S DlSl'.ASlk visceroptosis, sytionyni for, 559 
GOUNDOU, 653, 654 

II 

HAEMOPllllAiS riCRTVSSlS^ whooping-cough caused by, 616, 617 

nAI’.MORRIlAGI', adenouia, uterine, cause of, 473, 474, 475 
bcn/cne poisoning cause of, 169, 170 
carcinoma of uterus cause of, 482, 491 
intestinal trichiniasis cause of, 243 
nickel carbonyl cause ol*, 162 
qiiinsy, sequel of, 41 
sarconia of uterus cause of, 477 
umbilical, 357 

utcidiic fibroids cause of, 461 
vitamin P in relation to, 598 

HEMIPLHCilA, cerebral thrombosis cause of, 18 
torulosis cause of, 55 
tremor sequel ol', 233 

HODGKIN'S DISEASE, generali/.ed tuberculosis, diagnosis from, 305, 307 

uiululant fever, diagnosis from, 375 
whooping-cough diagnosed from enlargement of mesen- 
teric glands in, 621 

I lONlfS DlSEASl'., llca-typhus, for, 337 

II YDROC’IdMIALUS, otitic, diagnosis from thrombosis ofdural sinus or 

cerebral veins, 21 

IIYDROC'IIEORIG AGID POISONINCi, 70,71 

HYDROC’YANK' AC'ID POISONINCJ, 85 88, 151 

IlYPERPYRIiXlA, dinilrophenol poisoning cause of, 177 
phenol poisoning cause of, 94 
uiululant fever cause of, 365 
yellow fever, in, 668 

HYPOSPADIAS, 403 405 

I 

IMMlJNEfY, epidemic typhus, in, 332 
tuberculosis, in, 292 
whooping-cough, in, 617 
yaws, in, 641 
yellow fever, in, 664 

INDIAN TICK-TYPHUS, 345 

INDUSTRIAL POISONING, 129H99 

IRIDO-CYCLITIS, 505 

IRITIS, 497, 498, 499 503 

J 

JAIL IT'VBR, epidemic or louse-borne typhus, synonym for, 329 

JAPANESE RIVER E’EVER, mite-typhus, ww/yAn for, 347 
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JAUMDICE, arscniurcUcd hydrogen cause of, 164 
haemolytic rungiis cause ol, '23 
phosphorus poisoning cause ot, 1 lo 
toxic, notification of, 129, 135 
toxic, IrinilrotolLicnc cause of, 175 
trichlorcthylcnc cause of, 185 
yellow fever cause of, 668 


K. 


KERANDEL’S sign, trypaaosomiasis, in, 276 


KERATITIS, iritis, diagnosed from, 503 on 

trachomatous pannus, diagnosis from inlustilial, -13 
trypanosomiasis cause of interstitial, 277 


KERATOSIS, yaws, in, 647 

KINNIER WILSON’S DISEASE, tremor caused by, 233 

KRAUROSIS, vulva, of, 609 

KUSSMAUL RESPIRATION, uraemia, in, 383 


L 


LABOUR, bicornuatc uterus in relation to, 423, 424 
colporrhaphy, after, 447 
retroversion complicating, 434 
torticollis caused by difficult, 49 


LABYRINTH, structure of, 546 

LATERAL SINUS THROMBOSIS, 19, 20 

LEIOMYOMA, fibroid tumour, synonym for, 449 
iris, of, 512 

LENTIGO MALIGNA, xerodermia pigmentosa, synonym Tor, 626 


LERMOYEZ’S VERTIGO, 550 

LIEBEN’S IODOFORM TEST, alcohol in urine, for, 399 


LIVER, acute necrosis, phosphorus poisoning cause of, 117 

acute yellow atrophy, of, fungus, poisonous, cause ot 123 
amoebic abscess ofundulant fever, diagnosis from, 374 
necrosis, tetrachlorcthane cause of, 184 
omphalitis, spread of infection to, 354 

toxSology^ln, 77, 80, 106, 109, 111, 117, 118, 1 19, 121, 123, 


146, 

181 


178, 

184.. 


187 


undulaat fever, in, 363, 368 
vitamin content of, 576 
yellow fever, in, 666 


LUMBAR PUNCTURE, aspirin poisoning, in, 78 

barbiturate poisoning, in, 82 
cerebral thrombosis, in, 22 
torulosis, in, 56 
uraemia, in diagnosis of, 384 


LUNG, carcinomatosis, miliary tuberculosis, diagnosis from, 303, 305 
diseases, trachea, displacement of, cause of, 201 
embolism, sequel of phlebitis, 535 
emphysema, whooping-cough, sequel of, 620 
fungoid infections, miliary tuberculosis, diagnosis from, 305 
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LVNG — continued 

intiirciion, cerebral thrombosis, iLssocialcd with, 18 
miliary congestion, miliary tuberculosis, diagnosis from, 305 
torulosis of, 52, 55 

toxicology, in, 67, 68, 70, 72, 73, 77, 80, 83, 92, 93, 99, 102, 103, 152, 153, 

158, 162 

tuberculosis, uiululanl lever, diagnosis from, 375 

LYMPHATIC’ <j LANDS, torulosis of, 53, 55 

trypanosomiasis, in, 269, 275, 277 
yaws, in, 630 

LYMPHATIC TISSUI', miliary tuberculosis involving, 301 

LYMPHAI’IC’S, umbilical, anatomy of, 354 
veins, relation to, 528 

LYMPHATISM, status thymico-lymphaticus, synonym for, 30 
LYMPHOID HYPERPLASTIC" DISEASES, thymus in, 29 


M 


MACX’ALLAN’S OPERAT ION, for entropion, 219 
‘•MAC’Hb’T LECr, yaws cause of, 650 

MALTA I'I'VER, undulant fever, synonyni (in part) for, 361 
MANCANE.se, industrial poisoning by, 145 447 
MEDEl’ERR ANE.AN MiVER, undulant fever, synonym 361 


MIU.ANOMA, choroid, of, 512 

ciliary body, of, 512 
iris, ol', 51 I 
vulva, of, 610 


MI2LITENSIS E'E',Vl'R, undulant fever, synonyni for, 361 


MENIERE’S SYNDROME, Meniere’s disease as cause of vertigo compared with, 

549 


MltNINCilTIS, cerebral thrombosis caused by purulent, 17 
toi'ulosis cause of, 53, 55 

diagnosis from tuberculous, 56 
trypanosomiasis cause of leptomeningitis, 269, 270 
tiilartiemia complicated by, 311 


MENORRHACIA, arcuate uterus cause of, 421 

ben/enc poisoning cause of, 169, 170 
(ibriuds cause of, 461 


MERCURY POISONINC, 113 116, 138-142 

MILffARY OPirniAEMIA, trachoma, synonym for, 210 

morphine: POLSONINCi, 99 lOl 

MOSSMAN IT:VI:R, 349 

MOSSY E’OOT, minor tropical disease, 253 

murine: typhus, Oca-typhus, for, 326, 335, 337 

MYOl JPOMA, lipoinyoma, synonyni for, 472 

MYOMA, fibroid tumour, synonym for, 449 


N 

NAG A SORi:, tropical ulcer, synonym for, 256 
NATAL SORE, veldt sore, synonym for, 538 
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NEPHRITIS, methyl chloride poisoning cause ol, 181 
tonsillar sepsis cause of, 42 
trichiniasis resembled by, 244 

‘NEURASTHENIC VERTIGO’, 545 

NICOTINE POISONING, lOI 

NITRIC ACID POISONING, 71, 72 

NOMA, gangrenous vulvitis, For, 608 

O 

OLIGURIA, causes of, 395 

OMPHALITIS, causes, symploiniS;, and sequelae, 354 
ONALAl, or chilopa (bleeding disease), minor tropical disease, 254 
OPHTHALMIA, granular, trachoma, synonym for, 210 
OSTEOMALACIA, adult rickets, as, 591 

P 


PANNUS, trachoma cause of, 213, 215 

PAPILLOMA, trachea, of, 206 
umbilical, 358 
urethral, 391 
vulva, of, 609 

PARALYSIS, arsenic cause of, 112 

atropine poisoning cause of, 96 
manganese poisoning resembling spastic, 146 
veldt sore complicated by, 541 

PERTUSSIS, whooping-cough, for, 616 

PHLEBITIS, 535, 536 

PHLEGMASIA ALBA DOLBNS (white leg), phlebitis, sequel of, 535 

PHOSPHORUS POISONING, 116-119 

PHOTOPHOBIA, iritis cause of, 499 

torulosis cause of, 55 
yellow fever, in, 667 

PIGMENTATION, arsenic cause of, 112, 137 

xerodermia pigmentosa cause oF, 627 
yaws, in, 647 

PNEUMONIA, omphalitis, sequel of, 354 

tularaemia complicated by, 311 
whooping-cough complicated by, 620 

POLYPUS, mucous, adenoma of corpus uteri, synony/n for, 473 

POLYURIA, causes oF, 395 

PROLAPSE, of uterus, 436-447 

PRURITUS VULVAE, 608 

PSEUDO-URAEMIA, 379 

PUPILLARY MEMBRANE, persistent, 496 

PUPILS, anisocoria of, 496 

atropine poisoning, in, 96 
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barbiturale poisoning, in, SI 
cocaine poisoning, in, 98 
fungous poisoning, in, 121 
irilis, in, 500 

morphiiK atul opium poisoning, in, 99, 100 
nicotine poisoning, in, 101 
occlusio pupillac, iritis cause of, 498 
scclusio pupillac, iritis cause of, 497 
torulosis, in, 55 

PYO-UMBlLlC4)S, causes of, 355 


Q 


QULHNSLAND (X)AS'IAL b'llVI'R, niitc-lyphus, .viv/u/m// for, 347 
QUINSY, 41, 42 

R 

RABBrr I'LVb'R, tularaemia, .viv/u/nv/; for, 309 

RAI^KXJR API! Y, kUcral sinus thronibosis, in, 19 
miliary tuberculosis, in, 303, 304 
lliymus gland divscascs, in, 35, 36 
visceroptosis, o{\ 560, 563, 565 

RADIUM, injuries from, 191 195 

RADIUM Hlb'RAPY, adenoma uteri, for, 473, 475 

carcinoma of cervix uteri, in, 487, 488 
Paris tcchniciuc, 488 
sarcoma of uterus, for, 478 
Stockholm technique, 487 
uterine fibroids, for, 469 

RAYNAUD'S DlSIlASi:, Lerinoyc/'s vertigo in, 550 
RbXTOCldJ:, definition of, 437 

RHSPIRAl’ORY DISb'.ASIuS, tropics, incidence in, 252 

RLSPIRAX’ORY 'TRAC r, ammonia poisoning cause of changes in, 76 

mercury absorbed by, 138 

radium, as portal of entry of, 193, 194 

torulosis, route of invUvSion of, 53 

RLTINA, ben/, cue poisoning cause of haemorrhages in, 169 

cavernous sinus thrombosis cause of haemorrhage of, 20 
choroiditis cause of detachment of, 511 
melanoma of choroid cause ofdctachnienl of, 512 

RITINITIS PKiML:NT()SA, choroiditis resembling, 510 

rl:trc)vl:rsion oi’ utl:rus, 427 434 

RMliUMA'flSM, iritis in, 497 

tonsillar sepsis cause of muscular, 42 
tonsillectomy in relation to acute, 43 
tonsillitis in relation to acute, 40 
tropics, incidence in, 251 

ROCKY MOUNTAIN FLYER, of Eastern type, tick-typlius, synonym for, 340 
RUPTURED URITHRA, 387 

S 

‘SABRE TIBIA’, yaws cause of, 650 

SARCOMA, choroid, of, 513 

choroiditis, diagnosis from, 509 
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iris, of, 512 
radium cause of, 194 
trachea, of, 206 
umbilical, 359 

uterine fibroids invaded by, 459 
uterus, of, 475-479 
veins, of, 536 
vulva, of, 610 

SCHAFER ARTIFICIAL RESPIRATION M LTIIOD, for gas poisoning, 147 


SCRUB TYPHUS, 348 
SCURVY, avitaminosis C, as, 582-584 
SEA-SICKNESS, 223, 225, 226, 227, 228, 229 
SEMINAL VESICLES, diseases of, 553-558 


SEPTICAEMIA, cerebral thrombosis caused by, 17 
omphalitis cause of, 354 
tropics, incidence in, 249 
undulant fever, diagnosis from, 375 

SHIP TYPHUS, dea-typhus, synonym for, 337 

SHOP TYPHUS, flea-lyphus, for, 337 

SILVER, industrial poisoning by, 142-145 

SKENE’S TUBULES, urethral caruncle caused by infection of, 611 
urethritis, involved in, 6 1 1 

SKIN, arsenic cause of lesions of, 1 1 1, 112 
hydrochloric acid, action on, 70 
mercury absorbed by, 138 
nitric acid action on, 71 , 72 
sulphui'ic acid effect on, 72, 73 
torulosis involving, 53, 55 
undulant fever, in, 367 

SLEEPING SICKNESS, 263-285 


SPERMATORRHOEA, 389 

vesiculitis cause of, 555 

SPINAL CORD, torulosis, involved in, 55 

SPINAL DISEASE, torticollis caused by, 50 

SPLANCHNOPTOSIS, visceroptosis, synonym for, 559 


SPLEEN, carbon monoxide poisoning, in, 68 
epidemic typhus, in, 334 
generalized tuberculosis, in, 301, 302, 305, 306 
ptosis of, 565 
torulosis of, 53, 55 
trench fever, in, 238 
undulant fever, in, 363, 365, 368, 372 


SPOTTED FEVER, of Rocky Mountains, tick-typhus, Rocky Mountain, 

synonym for, 340 

STATUS THYMICO-LYMPHATICUS, 30-36 

STOMACH, emotion affecting position of, 560 

poisoning, in cases of, 70, 71, 73, 74, 91, 93, 109, 114, 117, 169 

STRICTURE OF URETHRA, 389, 390 
STRYCHNINE POISONING, 102-104 
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SULPHANlLAMlDi:, contra-indicalcd in, 536 

lonsillilis. in ircatmcnl ot, 41 
iradionia. in, 221 
luululant lever, in, 377 
vesiculitis, in, 554 
whooping-cough, in, 634 

SDLPHURK' AC'ID POISONINCI, 72, 7.3 
sympatuhtr: iiuno-fYcuTis, .w. 

syphilis, 

u'.nsiim'is, ^liiigmisis IVom siicmKliiry, 41 
torulosis, diagnosis Irom, 5() 
trachea, of, 204 

vertigo caused by, .545 

1 ' 

Tetanus, 1-15. big. t 
aetiology, 2 .5 
antitoxin, H), 1 1 
catgut source ot, 3 
clinical pictuic, . ^r t d 7 H 

ClosUidiimi tcUwi cause ol, 3, 4, /, s 
diagnosis, bacteriological, /, 
dilTcrential, H 

dysphagia caused by, 5, <\ 1 

faeces, tetanus bacilh in .3 

imrnunity and irnniuni/ation, , 
incubation period, prognosis allectcd by, 7 
lesions, types ol, 3 

lockjaw, synonym lor, _ 

muscular rigidity, 5 - , ,.,,|,,(inn in 7 

onset period, prognosis m i elation U , / 

prophylaxis. K) 
rellex spasms, _6, 12 
respiration allectcd, 6 
risus sardonicus, 5 
soil, tetanus bacilli m, 3 
spores, teUinus, 2, 3, 4 
toxin, tetanus, 4-, 9, U), ‘ ^ 

route to spinal cord ot, 4, .s 
trauma, ciTccL ol, 2, 3 
treatment, H) 44 

antitoxin, 11, I- civDcms P 13 

avertin for control ot rellcx spasms, 

trismus caused by, 5, 7 
types of, 6, 7 

wood-wool source ot, 3 . - iat 

TETANUS, strychnine poisoning, ^thagnosis liom, 

tropics, incidence in, -47 Vol 111 P. 419; ctnd 

TETANY. See Convulsions in Diseases, Vol. IX, p. 428 

TETANY, infantile, vitamin D m relation to, 520 

uraemia, in, 3»i, i . t nwr. Diseases; Abscess 

THORACDPLASTY.^ Vol. VIII, PP- 180 and 206 
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THROMBO-ANGIITIS OBLITERANS. A iherial Diseasi? ani> 

Decjenikation, VoL 11, p. 46 

THROMBOPHLEBITIS. See Vein Diseases, p. 536 

THROMBOPHLEBITIS MIGRANS, aetiology and treatment, 536 

THROMBOSIS, epidemic typhus cause oF, 334 

Thrombosis of Cerebral Veins and Sinuses, 17 22 

aetiology, 17, 18 

cavernous sinus, of, 20 

cerebral veins, supcrlicial, of, 18 

cerebrospinal Oiiid in, 18, 19 

dementia caused by, 1 8, 20 

epilepsy caused by, 18, 20 

gastro-enteritic dehydration cause of, 17, 18 

hemiplegia, otitic, caused by, 18, 20, 21 

hydrocephalus, otitic, caused by, 19, 20, 21 

infective, 17, 20 

lateral sinus, of, 19 

To bey- Ayer test for, 1 9 
non-infectivc, 17, 20 
papilloedcma caused by, 19, 20 
proptosis caused by, 20 
sepsis cause of, 1 7 
superior longitudinal sinus, of, 18 
treatment, 21, 22 

lumbar puncture, 22 
surgical, 21 

THRUSH. See Fungous Diseases, Vol. V, p. 465 

Thymus Gland Diseases, 23-38. Plates I-llI. Fig. 2 
accessory nodules, 28 
adrenals, in relation to, 28 
anatomy and embryology, 23-25 
atrophy, 28 

blood-forming tissue diseases affecting thymus, 29 
calcification, possible relation to, 25, 26 
congenital absence, 28 
diseases, 28-30 

endocrine system, relation to, 27, 28, 30 
gonads, in relation to, 28 
growth, relation to, 26, 27, 28 
hyperplasia, 36, 37 

diagnosis and radiography, 36 
X-rays and radium in treatment, 37 
lymph atisni, status thymico-lymph^dicus, synonym for, 30 
myasthenia gravis, 29 
inyxoedema, thymic atrophy in, 27 
parathyroid tumour, relation to, 25 
physiology, 25-27 
pituitary, in relation to, 28 
status thyniico-lymphaticus, 30-36 
thymic death, 30-34 

syndromes, 34-36 

syphilis, 29 

thymectomy, thyroid, effect on, 27 
thymitis, acute, 29 

toxic goitre, thymic hyperplasia in, 27, 29 
tuberculosis, 29 
tumours, 29, 30 

Cushing’s syndrome, in relation to, 30 
‘thymoma’, 30 
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THYROH), thymus relation to, 27 

torulosis involving, .‘Sa _ 

tremor caused by over-aelivity ol, 232 

THYROll^ ca.ANO niSl'ASilS. A<r tW)nM<u ANiA)nu.R OISI ASKS OI' 

niTivv^n/ 'riiYRom Gland, Vol. V, p. 599 

THYROinrX' l'OMY, thymus, cll'cct. on, 27 

tic ks. See AK niHoi’ou.s anu nisi;ASi', Vol. 11, p. 134; am/ Um:s At^^priNCiS, 

TIC’S; SVt Ne DKAI tUA, Cino.SSOIMIAKVNdl Al, AND 'I'lUC iUMIN AL, Vol. IX, p. 176; 

^ PsYi mATKV Di. C-HU,DU1.N, Vol. X, p. 207; ami Psyc honfuro.sus and 

PsY< n(vmi KAi-Y, Vol. X, p. 247 

TINI'A. See I'liNOoiis DiSi-ASi'S, Vol. V, p. 44b 

t t uv iLi L('rs See Ancuna PixroHis, Vol. I, p. 561; Arrhythmia, 

tobacco B^^bl n c IS, Bmndnlss, Vol. U, p. 452; Hyrkr- 

( Hlouhyoria, Vol. V, p. 16; Flrtic Ulcer, Vol. 

IX, p. 506; ami Toxuxhdciy, p. 101 

l’OBliY”AYb,R TliS'r, Tor thrombosis ol lateral sinus, 19 

Tonsils Discuses, 40 47. I'igs. 3, 4 
acute tonsillitis, 40, 41 

abscess sequel ol, 40 _ 

acute rheumatism, relation to, 40 

causes, 4(), 41 

classilication, 40 ^ ,, , .a. 

symptoms, diagnosis, and treatment, 4i 

calculus, 43 
chronic tonsillitis, 42 

symptoms and treatment, 4- 
quinsy, 41,42 

haemorrhage sequel ol, 4- 
treatment, 41 , 42 
removal of tonsils, 43 47 
acute tonsillitis, alter, 41 
chronic tonsillitis, (or, 42 
diphtheria in relation to, 43 
indications and contra-nulicalions, 43, 44 
rheumatic lever, in relation to, 43 
scarlet fever, in relation to, 43 
technique, 44-47 

dissection method, 47 
guillotine method, 44 
haemorrhage, treatment ol, 47 
torulosis of, 53, 55 
tuberculosis of, 44 

rorticoliis, 48 51 

acute, 50 . 

caused by adenitis, 50 

fibrositis or myositis, 50 
spinal lesions, 50 
congenital, 48 -50 

causes, 49 ^ 

operation and altcr-carc, 49, 5U 
secondary changes, 49 
spasmodic, 51 

cause and treatment, 5 1 
wry neck, synonym tor, 48 


torulosis, 52 57 

aetiology, 52, 53 
blood picture, 54 
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ToruIosiS“-'C'c;//r/>;//c^^/ 

central nervous system involved, 53, 54, 55 
cerebrospinal, 54 

Iluid in, 54, 56 
clinical picture, 54, 55 
diagnosis, 55, 56 
eye lesions, 55 
granulomas caused by, 53 
incubation period, 54 
intracranial tumour, diagnosis IVoni, 56 
invasion, route of, 53 
localized, 54 
lungs, of, 53, 55 
meningitic symptoms, 55 
meningitis caused by, 53, 55 
pathology, 53, 54 
sputum, torulac in, 54, 56 
structures atTcctcd, 52, 53, 55 
syphilis, diagnosis from, 56 
Toriila histolytica cause of, 52 
treatment, 56 

lumbar puncture, 56 
surgery, 56 

tuberculous meningitis, diagnosis from, 56 


TOXIC GOITRE. iScr Goitre and OnuiR Diseases c.)i’ rnr Tii\ r()ii) CJland, 

Vol. V, p. 606 


Toxicology, 58-199. Fig. 5 
abortifacients, 123-125 

dangerous poisons, 123, 124 
lead, 124 

cmmenagogLies and cc holies, 1 23 
essential oils, 124 
oxytocic drugs, 125 
quinine, 125 
purgatives, 124 

Royal College of Physicians of London’s opinion regarding criminal 

abortion, 65 

vegetable drugs, 125 
accumulators, in making, 131, 163 
acetone, industrial poison, as, 187 
acetylene manufacture, 165 
aconitine, 95 

horseradish mistaken for, 95 
symptoms and treatment, 95 
aeroplane manufacture, 1 67, 1 83, 1 92 
alkalis, 74-77 
alkaloids, 95-105 

ammonia, industrial poLson, as, 1 60 
sources and precautions, 160 
ammonia, poisoning by, 75-77 
asphyxia caused by, 77 
deaths, nuniber of, caused by, 61 
respiratory tract, etfect on, 76 
symptoms, 76 
treatment, 77 

analysis, collection of specimens for, 61, 62 
reports on, 62 

Under-Secretary of State, application to, regarding, 64 
aniline, industrial poison, as, 177, 178 
anilism, 177 
sources and uses, 177 
symptoms, 177, 178 
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aniline, indusli'ial i'>oison, as —contifiucd 
treat men 1, 178 
antimony, 105 107 

hiiUer of antimony, 105 
chronic poisoning, 106 
enamel vessels as source of, 105 
industrial sources of, 105 
pathology, 106 
symptoms, 106 
treatment, 106 

aqua fbrtis, nitric acid, syitonvDi for, 71 
aiscnic, 107 112 

acute poisoning, 109, 1 10 

gastro-inlcstinal form, 109 
narcotic form, 1 10 

analysis, collection of specimens for, 62 
detection by, 107 
arscniuretlcd hydrogen, 108 
chronic poisoning. 111, 112 

digestive, catarrhal, and cutaneous disturbances. 111 
motor and neurilic disturbances, 1 12 
deaths IVom, number of, 61 
enema, in, 108 
fatal dose, 108 

ferric hydroxide, in treatment, 1 1 I 
food poisoning, diagnosis from, 1 10 
industrial uses, 107, 108 
intestine, changes in, 109 
pathology, 108, 109 

specimens for analysis, collection of, 62 
stomach, changes iii, 109 
subacute poisoning, 110, 111 
diagnosis, 1 1 I 
symptoms, 1 10 
treatment, 1 1 I 
vaginal, application of, 108 
arsenic, industrial poison, as, 136-0 38 
arscniuretlcd hydrogen gas, 136, 162 
cancer, in relation to, 137 
dusts of compounds of, 136 
industrial uses of, 136 
lesions caiLsed by, 136, 137 
not it teat ion, 136 
preventive Ireatmcnt, 138 
warts caused by, 137 

arseniuretlcd hydrogen, industrial poison, as, 162-164 
anaemia eaused by, 164 
clinical picture, 164 
hacmoglobinuria caused by, 164 
jaundice caused by, 164 
occupations concerned, 163 
toxicity, illustrations of, 163, 164 
artificial leather manufacture, in, 167 

silk manufacture, 150, 185, 187 
aspliyxiant gases, 148-1 51 
aspirin (acctylsalicylic acid) poisoning, 77, 78 
cerebrospinal tluid in, 77 
deaths from, 61 
fatal dose, 77 
pathology, 76 

symptoms and treatment, 78 
atropine group, 95-97 
atropine, 96 
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Toxicology— continued 

atropine ^roiw— cant iimed 

hyoscine (scopolamine), 96 
hyoscy amine, 96 
solanaceous plants, 95 
symptoms, 96 
treatment, 97 

barbiturate poisoning, 78-82 
chemistry, 78 
coma caused by, 80, 8 1 
fatal dose, 79 , 

list of barbituric acid compounds, 79 
pathology, 80 
pentothal sodium, 82 
symptoms, 80, 81 
treatment, 81, 82 
alcohol, 82 

lumbar or cisternal puncture, 82 
strychnine, 82 
urine, red colour of, 80 
barium poisoning, 112, 113 
industrial uses, 1 12 
pathology, 1 1 3 
poisonous salts of, 1 1 2 
soluble sulphates antidote for, 1 13 
symptoms, 113 . 

barometer and thermometer making. Ill, 138 

benzene and honiologues, industrial poisons, as, 166 I /-. 


benzene, 167 
blood picture, 170 

bone marrow, action on, 167, 169, 1 JO 
clinical picture, 168-170 
diagnosis, 171 

haemorrhages caused by, 169, 1 70 

industrial uses, 167 

naphtha, 168 

notification, of, 136, 172 

prognosis, 170 

sources of, 166 

toluene, 168 

treatment, 171, 172 

volatility of benzene, 168 

xylenes, 168 

bladder tumours, dye industry cause of, 178-180 
causes and incidence of, 178, 179 
clinical picture, 180 
cystoscopy, 180 
prevention, 180 
bleaching, in, 1 60 

powder, manufacture of, 145, 163 
brain, effect on, 68, 69, 77, 80, 83, ,99 i 

breathing apparatus for use in toxic gases, 147, 148, 164, 165 
brewing, in, 149, 150 
brucine, 102, 104 , 

burial, effect of, on detection of poison, 63 
cantharides, 105 
source, 105 

symptoms and treatment, 105 
carbon dioxide, industrial poison, as, 148, 149 
industrial sources and uses of, 149 
permissible maximum, 149 
symptoms and prevention, 149 
carbon disulphide, industrial poison, as, 185, 186 
acute poisoning, 185 
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carbon disulphide, industrial poison, as —coiUiitucd 
chronic poisoning, 186 
mental symploms, 185, 186 
noli heat ion, 136 
prevention, 186 

carbon monoxide, industrial poisoning by, 149, 150 
blood lest, 150 

oxygen-carbon dioxide mixture in treatment, 150 
sources and symptoms, 150 
carbon monoxide poisoning, 66-69 
acute, 67-69 
age in relation to, 135 
atmosphere, lest of suspected, 69 
blood, action on, 67 

specimen collection of, 62 
carbon dioxide chect on, 66, 68 
carboxyhaemoglobin, formation of, 67 
Ncwcomb\s test for, 68 
chronic, 69 
coal giis, 66 

deaths, number of, caused by, 61, 66 

neurasthenic symptoms, 69 

pathology and symptoms, 67, 68 

physical properties, 66 

reporting, 136 

sequelae, 69 

sources of, 66 

carbon tetrachloride, industrial poison, as, 181-183 
anaesthesia caused by, 182, 183 
analysis, collection of specimens for, 62 
lire extinguishers source of, 182 
liver and kidneys alfcctcd, 181, 182 
symptoms, 181, 182 
treatment, 183 ■ 

carbromal group (straight-chain urcidcs) poisoning by, 82, 83 
myocardial failure in, 83 
pathology and symptoms, 83 
celluloid making, 152, 167 
cellulose making, in, 187 

chemical works, in, 138, 155, 156, 160, 165, 167 
chloral hydrate and allied drugs, poisoning by, 83, 84 
chronic poisoning, 84 
coma caused by, 83 
pathology, 84 

symptoms and treatment, 84 
chlorinated hydrocarbons, 180-185 
industrial uses, 180, 181 
chlorine, industrial poison, us, 155 
sources, 155 

Christmas cracker nxaking, 143 
cinema lilnis, making of, 183 
cocaine, 97, 98 

pathology, 97 
symptoms, 97 
treatment, 98 

potassium permanganate with charcoal, 98 
colchicum, 98 

colour industry, 145 ^ ^ 

coma caused by, 94, 96, 98, 99, 100, 105, 1 13, 149, 166 

conium, 98 

consultation, 64 ^ 

convulsions caused by, 98, 103, 105, 113, 166, 177 
cordite making, in, 152, 187 
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Toxicology — continued 
corrosives, 70-77 

Counsel’s opinion to Royal College of Physicians regarding criminal 

abortion, 65 

cremation, effect of, on detection of poison, 63 

cryolite, 158 

death certification, 64 

deaths from poisons, table of, 61 

degreasers, 181, 184 

diamonds, powdered, 125 

diagnosis, 63, 64 

diethylene dioxide, industrial poison, as, 187 
dioxan, trade name for, 1 87 
symptoms and urine, 187 
dimethylarsinc, industrial poison, as, 165 
dinitrobenzene, industrial poison, as, 173, 174 

absorption through skin and alimentary canal, 174 
alcohol, effect of, 174 
blood changes, 174 
prophylaxis, 174 
symptoms, 173 
urine in, 174 
^ uses of, 173, 174 

dinitrophcnol, industrial poison, as, 176, 177 
benzene poisoning, diagnosis from, 171 
synuptoms, 177 
urine, effect on, 177 
dry batteries, making of, 145 
cleaning, 181, 184 

dyeing industry, in, 134, 160, 167, 173, 174, 177, 178 
electric meters, 1 38 
welding, 152 
electroplating, 85, 143 

explosives manufacture, in, 140, 152, 173, 175 
fertilizers, manufacture of, 149, 155, 156, 167 
field glasses, 138 

fire extinguishers, manufacture of, 149, 182 
flare mines, 165 

fluoride, sodium aluminium (cryolite), 158, 159 
anaemia caused by, 1 59 
fluorosis of bones and ligaments, 158 
gastric and respiratory symptoms, 158, 195 
pneumoconiosis caused by working with, 158 
preventive treatment, 159 

fluorine and compounds, industrial poisons, as, 155-160 
danger of, 156 
uses of, 155 

fluorine and hydrofluoric acid, 156-158 
clinical picture, 157 
glass, action on, 156 
treatment, 156 
uses of, 156 

fluorine, organic compounds, 160 
refrigerants, used as, 160 
freezing mixtures, making, 149 
fungi, poisonous, 120-123 
haemolytic, 122, 123 

symptoms, and treatment, 123 
irritant, 122 

symptoms, and treatment, 122 
muscarine, as poisonous principle, 120 
nervous and severe irritants, 120, 121 
pathology, 121 

symptoms, and treatment, 121 
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Xun^i continued 

severe irritant, 121, 122 
pathology, 121 
symptoms, 121, 122 
treatment, 122 
galvanizing, in, 163 
gases, 66 69 
gclscmiLim, 9<S 

glass, powdered, poisoning by, 125, 126 
workers in, 143, 155, 156 
glue manufacture, 167 

heart, eirect on, 102, 103, 106, 109, 113, 117, 119, 121 
hides and I'ur industry, 136 
hydrochloric acid, 70, 71 

deaths, number of, caused by, 61 

lungs, elTcct on, 70 

pathology, 70 

skin, action on, 70 

stomach, action on, 70 

symptoms and complications, 70, 71 

treatment, 7 1 

hydrocyanic acid, industrial poison, as, 151 
sources and uses of, 151 
hydrocyanic acid poisoning, H5 -S8 
blood bi’ight pink in, 86 
chemistry, 85, 86 
cyanide woi'kcrs tolerance in, 87 
deaths from, 61, 62 
fatal dose, 86 
fumigation, iLsed for, 85 
pathology, 86 
symptoms, 87 
ti'catment, 91 

sodium thiosulphate, 87 
hydrogen for ballooning, manufacture of, 163 
industrial poisoning, 128-199 

age and immunity in relation to, 135 
chemists, improvements by, 133 
dust and fume prevention, 130, 131 
education of workmen, 131, 132 
engineers, improvements by, 133 
Factory Act (1937), diseases notiliablc under, 129, 135 
taictory Department of Mome OITlce, functions of, 128 
liygiene, personal and general, 132, 133 
industrial practitioner, work of, 129 
medical inspection under Stale support, 130 
Mines Acts, 130 
multiplicity of poisons, 134 
notiticalion and compensation, 135, 136 
portal of entry of poison, 134 
prevention of disease in industry, 129-135 
protection of workmen by law, 129 
Shops Acts, diseases notihablc under, 129, 135 
Workmen’s Compensation Acts, 129, 135 
inorganic and metallic poisons, 105-120 
insecticides, manufacture of, 136, 156, 182, 185 
intestine, etfect on, 109, 114, 117 
ipecacuanha, 98 
irritant gases, 151-161 

kidneys, cflcct on, 77, 91, 93, 105, 106, 109, 114, 115, 117, 121, 181, 187 
lead poisoning, 1 1 3 
leather trade, in, 134 
linoleum making, 167 
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livct effect on, 77, 80, 106, 109, 111 , 1 17, 118, 


19, 121, 123, 146, 


luminous paint, 192, 193, 194 

lungs, effect on, 67 , 68 , 70, 72, 73. 77, 80, 83, 92, 93, 99, 102, 19J, 

manganese as industrial poison, 145-147 
clinical picture, 146 

disseminated sclerosis resembled, 140 

histology, 146 

occupettions O-ffcctcu, 145 _ i i j i 

progressive lenticular degeneration rcscniblco, 140 
spastic paralysis caused by, 146 
treatment, preventive, 146 i^a 

mercury fulminate, industrial poison, as, I4u 14- 
dermatitis caused by, 140, 141 

explosive factories, in, 140^ . . . . 

preventive and symptomatic treatment, 141, 14- 
mcrcury, metallic, industrial poisoning by, 13b-l4C) 
absorption, route of, 1 38 
electro-plating in relation to, 133 
erethism caused by, 139 
felt-hat industry, 139, 1 40 
occupations causing, 1 38 
symptoms of, 139 

thermometer making, 140 . 

treatment, preventive and symptomatic, 14U 
tremor caused by, 139, 232 , . , . ^ tA') 

mercury, organic compounds of, industrial poisons, as, 14- 
ataxy and dysarthria caused by, 142 
fungicidal dusts source of, 142 
symptoms, 142 
treatment, 142 

mercury, poisoning by, 113-116 
acute poisoning, 114-116 
anuria, operation for, 1 1 6 
asphyxia, caused by, 114 
chronic poisoning, 138 
complications, 115 
industrial uses of, 113 
intestinal tract, effect on, 114 
kidneys, effect on, 1 14 
pathology of, 114 

suppression of urine, caused by, 1 1 5 
symptoms, 1 15 
treatment, 1 16 

ulcerative colitis caused by, 115 
meta, metacetaldehyde, synonym for, 88 
metacetaldehyde, 88, 89 
convulsions, 88 

cramps, 88 « 

methylated spirits, substitute for, 88 
slug killer, as, 88 
symptoms, 88 
treatment, 89 

metaldehyde, metacetaldehyde, synonym for, 88 
methyl chloride, 181 

refrigerator industry, in, 181 
symptoms, 181 

mononitrobenzene, industrial poison, as, 173 
morphine and opium, 99-101 
coma caused by, 100 
Dangerous Drugs Acts in relation to, 99 
deaths from, 61 

( 22 ) 


176, 181, 
184, 187 

152, 153, 
158, 162 



VOL. xn] 


INDEX 


Toxicology— 

morphine and opium — coiitiniicd 
fatal dose, 99 
pathology, 99 

pupils in, 99, 100 . , ^ 

rectal administration, death after, 100 
tolerance, 99 
treatment, 100 

colonic lavage, 100 
gastric lavage, 100 
potassium permanganate, 100 
motor fuel, manufacture of, 167 
nickel carbonyl, industrial poison, as, 161, 162 
haemorrhages caused by, 162 
oedema of lungs caused by, 162 
preventive measures, 162 
symptoms, 162 
toxicity, 161 
nicotine, 10 1 

deaths from, 61 

insecticide in horticulture source ol, 100 
pupils in, lOl 

symptoms and treatment, 101 
nitric acid poisoning, 71, 72 
deaths, number ol, 61 
lungs, clfcct on, 72 
pathology, 71 
stomach, elfect on, 71, 72 
symptoms, 72 
treatment, 72 

xanthoproteic reaction, 4 - 
nitro- and amino-derivatives, 172 --IhU 
toxicity, 172, 173 
nitrobeiT/ene, H9, 90 

blood, action on, 89, 90 
pathology, 89 
symptoms, 89 
treatment, 90 
nitrous fumes, 151-154 

cyanosis, caused by, 152, 153 
diagnosis, 154 
latent period, 153 

oedema of lungs caused by, 152, 153 
sources of, 152, 153 
treatment, 154 


oxygen, 154 
venesection, 154 

oesophagus, etTeet on, 70, 71, 73, 74, 91, 93, 108, 1 14 

oil of biucr almond, innilalion, nitrobcn/.cnc, foi, 8) 

oil of mirbano, nitroben/.eiic, ,v 

oil ol' vitriol, sulphuric acid, .sytiotiyin tor, 

organo-melallic gases, 1 6 1 -1 66 

oxalic acid, 90-92 

f'psom salts, mistaken lor, X) 
kidneys, action on, 91 
pathology, 90, 91 
potassium quadroxalatc, 90 
stomach, action on, 91 


symptoms, 91 
treatment, 91, 92 

calcium hydroxide m, 91 
paints, in making, 134, 167 
paraldehyde, 92 

symptoms and treatment, 

( 23 ) 



INDEX 


[VOL. XII 


Toxicology — conihiued 

pharynx, effect on, 70, 71, 73, 74, 90, 
phenol and lysol, 92-95 

carboliiria caused by, 94 
coma caused by, 94 
cresols, 93 
deaths from, 61 


93, 108, 114, 115, 169 


fatal dose, 93 
kidneys, effect on, 94 
lungs, effect on, 94 
pathology, 93, 94 
stomach, effect on, 93 
symptoms, 94 
treatment, 94 

calcium hydroxide, 94 

phenylencdiaminc, industrial poison, as, 1 74, 1 75 
uses, and symptoms caused by, 174, 175 
phosgene, industrial poison, as, 155 
precautions, 155 
sources and uses of, 1 55 

phosphoretted hydrogen, industrial poison, as, 165, 166 
ataxy caused by, 166 
clinical picture, 166 
convulsions and coma caused by, 166 
ferro-sil icon source of, 165, 166 
occupations affected, 1 65 
prevention, 166 
phosphorus, 1 16~l 19 

acute necrosis of liver, caused by, 117 
acute poisoning, 117-1 19 
chronic poisoning, 119 
deaths from, 61 

gastro-intestinal inflammation, caused by, 117 
jaundice, caused by, 118 
pathology, 1 1 7 

rat poison (rodine) source of, 117 
symptoms, 118 
treatment, 1 1 S, 119 

copper sulphate, 119 
potassium permanganate, 119 
photography, in, 138, 143 
physostigmine, 102 
police, communicating with, 64 
potassium and sodium compounds, 74, 75 
complications, 75 
pathology, 75 

symptoms and treatment, 75 
pottery, 145 

prussic acid, hydrocyanic acid, synonym for, 85 
radio-active substances, injuries from, 191-195 
aplastic anaemia, 192, 193 
auto-photography, 193 
bones and teeth, deposits in, 193 
carcinogenic agent, alpha particle as, 194 
dermatitis, 1 92 

luminous paint in watch industry cause of, 192, 193, 194 
necrosis of jaw, 193 
protection, 195 
radiation osteitis, 194 

respiratory tract as portal of entry, 193, 194 
sarcoma, 194 

red spirit of nitre, nitric acid, synonym for, 7 1 

refrigerators, 155, 160, 181 

rubber industry, 134, 149, 167, 181, 184, 185 
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Toxicology — contiuiial 

salts of lemon, potassium qucidroxaUitc, synonym lot, 

sheep clip, in manulactuic 

silver, industrial poison, as. ‘4*. 145 

arj-yria, generalized, caused by 143 -145 
localized, caused by, 145 
C'hristmas-cracker making source ot, 143, 144 
clinical picture, 144 ^ . \ a-i 

mirror-plating and electro-plating sources ot, 143 
photography source of, 143, 145 
preventive treatment, 144 

silver nitrate manulaeture source ol, 143, 144, 145 
silvering glass beads source o(, 143, 144 
smelling, in, 136, 138, 163 

soap making, 145 „ 

si?- u?s; ■ 

strychnine and brucine, 102- 104 
brucine, 104 

convulsions caused by, 1U3 
deaths from, number of, 61 
epilepsy, diagnosis trom, 103 
fatal dose, l()2 
opisthotonos caused by, 
pathology, 102 
source of, 102 
symptoms, 103 
tetanus, diagnosis Irom, 
treatment, 104 
sugar manufacture, 149, 150 
sulphonal, poisoning by, ^4, 

haematoporphyrmuna, 84 
symptoms, 84 
treatment, 85 , 

sulphur dioxide, industrial poison as, 160 
precautions, 160 

respiratory symptoms, 160 . . oo tsn isi 

sulphuretted hydrogen, industrial poison, as, 150, 151 
^ oxygon-carbon dioxide mixture in lieatmcnt, 151 
sources of, 150 
sudden death caused by, 151 
symptoms, 151 , nn 

sulphurie acid poisoning, 72, 73 

deaths, number ol, caused 73 

deiiydration caused by, 7-;-, 73 

liver and lungs, clTect on, 73 

oil, glycerine and syrups, mistaken loi, /*- 

pathology, 72, 73 

skin, clTcct on, 72, 73 

symptoms, 73 

treatment, 73 

surgical dressings, in niaking, 138 
synthetic organic subsUmces, 1 /-Jd 
tanning, poisoning in, 15p . . ^ . 

tetrachlorethanc, industrial 

aeroplane industry, xisc in, 183, 184 
blood picture, 184 
jaundice caused by, 183, 1«4 
liver necrosis caused by, 184 
thallium, 119, 120 

acute poisoning, 1 
chronic poisoning, 120 
epilators, U9 

industrial uses, 119 ^ x 
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Toxicology — continued 
thciWkun— continued 
pathology, 119 
symptoins, 120 
trcalmcnl, 120 
toxic gases, 147-166 

breathing apparatus, 147, 145 
classification, physiological, 147 
oxygen-carbon dioxide mixture in treatment, 14/ 
Schafer artificial respiration method, 147 
trichlorethylcne, industrial poison, as, 184, 185 
precautions, 185 

report to Factory Inspectors, 136 
symptoms, 184, 185 
uses, 1 84, 1 85 

trinitrotoluene, industrial poison, as, 175, 176 
absorption by skin, 174 
aplastic anaemia caused by, 176 
benzene poisoning, diagnosis from, 171 
cyanosis caused by, 175 
jaundice, toxic, caused by, 175, 176 
liver necrosis in, 176 
shell hlling, used for, 175, 176 
veratrum, 104 
war gases, 69 

while lead manufacture, 149 
X-rays, injuries from, 187-191 
alopecia caused by, 187, 189 
anaemia, 190 
burns, 189 
carcinoma, 189, 190 
constitutional symptoms, 190 
deaths among professional workers, 1 88 
dermatitis, 189 
industrial uses, 188 
pain, 189, 190 
prevention, 191 
sterility, 190 
telangiectases, 189 
treatment, 191 

TOXICOMANIA. Drug Addiction, Yol. TV, p. 246 

Trachea Diseases, 200-208. Plates IV, V. Figs. 6, 7 
abnormalities, congenital, 200,201 
compression, 207, 208 

aneurysm of arch, 207 
d’Espine’s sign, 208 
Kopp’s asthma, 207 
oesophagus, lesions of, 208 
retro-pharyngeal abscess in relation to, 208 
thymus, enlargement of, 207 
thyroid enlargement, 207 
tracheo-bronchial glands enlargement, 208 
congenital atresia with tracheo-oesophageal fistula, 201 
displacement, lung disease or scoliosis cause of, 201 
foreign bodies, 205, 206 

‘asthinatoid v/heeze’, 205 

audible slap, 206 

clinical picture, 206 

diagnosis and treatment, 206 

laryngeal symptoms connplicating, 206 

‘palpatory thud’, 206 

( 26 ) 



voi.. xnj 


INDEX 


Trachea Diseases — contiftued 
obstruction, 205-208 

causes and symptoms, 205 
CidiiardEs sign, 205 
syphilis, 204 

stenosis caused by, 204 
symptoms, 204 
tracheitis, acute, 201—203 
cough caused by, 200 
infectious diseases causing, 202 
pain caused by, 202 
poison gases (war) cause of, 202 
sputum, 202 
treatment, 202, 203 
tracheitis, chronic, 203 

aetiology, symptoms and treatment, 203 
tracheocele (aerocclc or hernia), 201 
trachcopathia osteoplast ica, 206 
tuberculosis, 204 

aetiology and symptoms, 204 
tumours, 206, 207 
benign, 206 
malignant, 206 
symptoms, 207 

Trachoma, 209 -22K Plate VE b^ig. 8 
AiiPs line, 214 

bleb-like excrescences, 21 1, 213, 214 
treatment, 217 

blcpharophimosis, cantl'ioplasty in treatment of, 217 
blindness caused by, 213, 215 
cicatrization, 21 1, 214 
clinical picture, 21 1—215 

conjunctivitis complicating, treatment of, 219, 220 
diagnosis from, 216 
corneal limbus, invasion of, 213 
corneal ulcer, pannus, diagnosis from, 213 
treatment of, 220 

diagnosis, 216 
ectropion, 215, 219 
entropion, 215, 217, 218 
epidemiology, 210 
follicle, lymphoid, 211, 212 
geographical distribution, 2i0 
Herbert’s peripheral pits, 215, 216 
infection, mode of, 210 

interstitial keratitis, pannus, diagnosis from, 213 

pannus caused by, 213, 215 

papillary hypertrophy, 211, 213, 214 

ptosis caused by, 214 

Rickettsia tracfiomatis as cause of, 210 

rosettes, 215 

stage 1, 21 I, 212, 213, 216 
n, 21 I, 213, 214, 217 
in, 21 1, 214, 217 
IV, 21 I, 214, 217 

subcpilhel ial lymphoid infiltralion, 211, 212, 213, 214 
.V } ^ natty ms ^ 2 1 0 
treatment, 2 1 6—22 1 

MacCallan’s operation, 219 
mercuric chloride, 217 
silver nitrate, 216 
Strcatfcild’s operation, 218 
tarsectoniy, results of, 221 
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Trachoma — continued 

treat meat — con i hiu ed 

van Millingcn's operation, 218 
zinc sulphate, 21 6 
trichiasis caused by, 214, 21 5, 218 
virus disease, 210 

TRANSFUSION. S'cc Blood Transiusion, VoL II, p. 530 

Travel-Sickness, 222-230 
aetiology, 222-224 
auditory factors, 223 
biochemistry, 224 
clinical picture, 224-226 
diagnosis, 226 
diet, 229 

emotional factors, 223 
labyrinthine factors, 223 
metabolic factors, 223 
movement, 222 
ocular factors, 223 
olfactory factors, 224 
prophylaxis, 226-228 
sedatives, 227 
sequelae, 226 
susceptibility, 223 

sympathetic nervous system in relation to, 224, 225, 228 
treatment, 226-230 
acetylcholine, 229 
atropine, 229 
barbiturates, 227, 229 
benzedrine sulphate, 228 
nembutal, 227 

potassium bromide and chloral hydrate, 228 
physostigmine salicylate, 229 
sodium amytal, 227 
vagus in relation to, 224, 225, 228 

TREMATODE INFESTATION. Bilharziasts, Vol. II, p. 323; Clonor- 

CHiAsis, Vol. Ill, p. 248; Fi.ukf. Inmx:tions, 
Intestinal, Vol. V, p. 320; ami Paragoni- 
miasis, Vol. IX, p. 401 

Tremor, 231-235 

acute infections cause of, 232 
aetiology, 231-233 
alcoholic, 232, 234, 235 
clinical picture, 233-235 
cold cause of, 232 
emotion cause of, 232 

extrapyramidal motor system disease cause of, 233 
fatigue cause of, 232 

hepato-lenticular degeneration (Kinnicr Wilson’s disease) cause of, 233 
localization, 234 

nervous diseases cause of, 232, 233 
Parkinsonism, in, 232, 234, 235 
pathogenesis, 233 
poisons cause of, 232, 234 
post-hemiplegic, 233 
psychoneuroses, associated v/ith, 232 
thyroid over-activity cause of, 232, 234 

Trench Fever, 236-240 
aetiology, 237, 238 
clinical picture, 238, 239 
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Trench Fever— tv?/;/ 
cliagnovsis, 239 
incubation period, 23S 
Iciicocytosis caused by, 238 
lice, conveyed by, 236, 237 
rash, 238 

Ricketisia (luintana probable cause, 236, 237 

splenic enlargenienl, 238 

synonyms^ 236 

treat menl, 239 

virus, 237 

TRENC H-F0012 .SVc' I Kos r-Brn* and TKriN( ii-Foot, Vol. V, p. 440 
TRENCH Nl-.PIIRITIS. 6Vc Nipukitis and Nhphrosls, Vol. JX, p. 139 


TRICHIASIS. Sec Hyi lids, Di.si-asi.s and Injurils, Vol. V, p. 244; and 

TRACliOMA, p. 215 

TRICHIASIS, trachoma cause of, 214, 215 


TRICIIINELLIASIS, trichiniasis, synonym for, 241 


Trichiniasis, 24 E 245, lags. 9, 10 
antigen in diagnosis, 244 
clinical piclure, 243, 244 
diagnosis, 244 
eosinophil ia in, 243, 244 
intestine, small, habitat of trichinae, 242 
muscles, larvae, encysted in, 242 
oedema caused by, 244 
pain caused by, 243 
pig's llesh, conveyed by eating, 243 
found in, 242 
rats as hosts, 242 
synonyms, 241 
treatment, 245 

l)1chincil(i spiralis cause of, 24 1 -243 
typhoid resembled, 243 

TRICHINOSIS, trichiniasis, sy/mnym for, 24) 

1’RK I lOMONIASIS. Sac DiARRiiofiA associated with Flagellate Infection, 
Vol. IV, p. 15; and Leucorrhoea and Other Non- 
HAi'iMORKiiAcac', Vacjinal Discharges, Vol. VII, p. 714 

TRICHORRlli:XIS NODOSA. 6Vc Hair Follicles, Aunormalities and 

Diseases, Vol. VI, p. 166 

TRICTJSPID VAFVH DISFASFS. 6Vc Meart Diseases: Right Side Diseases, 

Vol. VI, p. 363 

TRIOFMINAL NFXJRAFCilA. Neuralgia, Trigeminal and Glosso- 

PHARYNC5EAL, Vol. IX, p. 176 

TRICiCiBR F4 NGF:r. Hand, Diseases and Deformities, Vol. VI, p. 178 

Tropical Diseases, General Survey, 247-254 
big heel, 253 
chilopa, 254 
chiufa, 254 

circulatory diseases, 251 

death rates in London and C'alcutta compared, 248 
diabetes mcllitus, 249 
diphtheria, 249 
enteric, 250 

malignant tumouns, 251 
minor tropical clisca.scs, 253, 254 
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Tropical Diseases — continued 
mossy fool, 253 
nervous diseases, 253 
onalai or cliilopa (bleeding disease), 254 
renal diseases, 253 
respiratory diseases, 252 
septicaemia, 249 
tetanus, 249 
tuberculosis, 250 
surgical, 251 

TROPICAL GRANULOMA, GR^NlJLOMA, ULcrKATivi;, VoL VI, p. 54 

TROPICAL LIVER. Liverl Diseases: Tkoi>k al Livek, Vol. VUI, p. 156 

TROPICAL SPRUE. Sprue, Tropical, Vol. XI, p. 419 

Tropical Ulcer, 256-262, Figs. H, 12 
aetiology, 256, 257 
bacteriology, 258, 259 

Vincent’s bacilli and spirochacte in relation to, 258, 259 
clinical picture, 259, 260 
diagnosis, 260 
diet in relation to, 257 
eye-fly, suggested relationship of, 259 
synonyms^ 256 

tea-gardens, in workers in, 257 
trauma site of, 257, 259 
treatment, 261 

Trypanosomiasis, 263-285, Figs. 13-21 
asthenia, 275 

blood examination for diagnosis, 278, 279 
pressure, 276 
trypanosomes in, 264 
cerebrospinal fluid, changes in, 271-274 
circulation and source, 271, 272 
colloidal gold reaction, 273 
morular cells, 273 
total protein estimation, 273 
trypanosomes found in, 273 
white cells, 271, 273 
clinical picture, 274-278 
diagnosis, 278 
drug-resistance, 280, 284 
eruptions, 276, 277 
fever, 274 

geographical distribution, 268 
infection, transmission of, 266 
insomnia, nocturnal, 276 
KerandePs sign, 276 
leptomeningitis caused by, 269, 270 
lumbar puncture in diagnosis, 279 
lymphatic glands, 269, 275, 277 
puncture of, 278 
morular cells, 270, 271 
myocarditis, 276, 277 
nervous signs, 276 
ocular symptoms, 277 
parasitology, 264-268 
pathology, 269-271 

primary lesion (trypanosomal chancre), 274 
prognosis, 278 
prophylaxis, 279, 280 
germanin in, 280 
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Trypanosomiasis — continued 
lachycardia, 276 
treatment, 279™284 

arsenical compounds, toxic cOccts of, 283 

atoxyU 281 

germanin, 281, 282 

orsaninc, 281, 282 

tryparsamidc, 281, 282 

Trypanosoma ^amhie/ise and T. rhoclcsicnse causes of, 264, 265 
development in tsetse Hy, 266-268 
tsetse flies vectors, 265, 266 

TSETSE FLY DISEASE, Trypanosomiasls, p. 263 

TSUTSUGAMUSHI DISEASE. Typhus Flvlrs, p. 347 

Tuberculosis, 286-297 
age in, 288 

allergy in relation to, 292 

Bacille Calmctte-Guerln in prophylaxis, 287, 295 

bovine infecton, incidence in man of, 287 

climate in relation to, 290 

conjugal infection, 290 

contact inlection, 290 

diagnosis, 294, 295 

cultivation and inoculation, 295 
staining, 294 

doctors and nurses, contagion to, 291 

epidemiology, 288-291 

heredity, 289 

immunity, 292 

infection, incidence of, 288 

portals of, 287, 288, 293 
Kretschmer’s types, 289 
mortality rates, 291 
pathology, 293 

cardinal signs, 293 
caseation, 293 
prevention, 295, 296 
prognosis, methods of estimating, 294 
social conditions affecting incidence, 289 
tubercle bacillus (^Mycobacterium)^ strains of, 286, 287 

TUBERCULOSIS, carcinoma of cervix uteri, diagnosis from, 486 
choroiditis caused by, 510 
iridO'Cyclitis caused by, 505 
iritis caused by, 497 
thymus, of, 29 
tonsils, of, 44 
trachea, of, 204 
tropics, incidence in, 250, 251 
umbilical, 355 
vcsiculac seminalcs of, 557 
whooping-cough, effect on, 620 

Tuberculosis, Generalized, 298-307. Plates VII, VllI 
acute massive, 306 
symptoms, 306 
acute miliary, 302, 303 

cerebrospinal fluid in diagnosis, 303 
diagnosis, 303 

endocarditis, diagnosis from, 303 
meningeal form, 302 

miliary carcinomatosis, diagnosis from, 303 
prognosis, 302 
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Tuberculosis, Generalized— 

pulmonary form, 302 
radiography, 303 
treat menu 303 

typhoid, diagnosis from, 303 
typhoidal lorni, 302 
calciliculion, 301, 303, 305 
children, in, 300 
chronic massive, 306, 307 , 

haemic and lymphatic type, 307 
lymphatic type, 307 
polyserositis or Concato’s disease, 307 
protracted dissemination, 306 
chronic miliary, 304-306 

art iticial pneumothorax in treatment, 306 
Bocclc’s sarcoid, diagnosis from, 305 
carcinomatosis, diagnosis from, 305 
diagnosis, 305 
gold therapy, 305 

pneumoconiosis, diagnosis from, 305 
radiography, 304 
symptoms, 304 

tuberculous broncho-pneumonia, diagnosis from, 305 
‘haematogcnoLis’ tuberculosis, 299 
miliary and massive types compared, 300 
nomenclature, 299 
pathology, 301 

serous membranes, involvement of, 301 

spleen in, 301, 302, 303, 305, 306 

time and method of gcnerali/.alion, 299, 300 


TUBERCULOUS MEDIASTINAL GLANDS, whooping-cough, diagnosis 

Irom, 621 


TUBEROUS SCLEROSIS. Eiuloia, Vol. V, p. 118 


Tularaemia, 309-312 
aetiology, 309, 310 
animals infected by, 309, 310 
Bacterium tu lave use cause of, 309, 310 
course and prognosis, 31 1 
deer-fly fever, synonym for, 309 
diagnosis, 3 1 1 
incubation period, 3 1 1 
pathology, 3 1 0 

rabbit fever, synonym for, 309 
treatment, 312 
types of, 311 
vectors, 310 

Tumours, 313-324 

anaplasia, 3 1 7 

benign and malignant tumours, association between, 320 

clinical features of, 314 
effects on body of, 321-324 

Broders’ grading of, 317 
cachexia, 322 
cancer tests, 323 
differentiation, 317 

hormonal effects of endocrine tumours, 321 
infiltration, 315 
invasion, 318, 319 
latency, 320 

leuco-erythroblastic anaemia, 323 
metastasis, 315, 316, 319 
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Tumours — continued 

microscopic features, 316-320 
mitoses, 319, 320 
morphology of cells, 318 
obstruction caused by, 321 
patholo^, 315-320 
permeation, 315 
pressure effects, 322 
typical or atypical, 316 

TUMOURS, thymus, of, 29, 30 

torulosis diagnosis from intracranial, 56 
umbilical, 358, 359 
uterine, 448-493 

TYPHOID, acute miliary tuberculosis, diagnosis from, 303 
epidemic typhus, diagnosis from, 335 
tracheitis in, 202 
trichiniasis resembling, 243 
tropics, incidence in, 250 

TYMPANITES. See Aerophagy, Vol. I, p. 257; Dyspepsia, Carbohydrate 

Intestinal, Vol. IV, p. 372 

TYPHOID FEVER. See Enteric Fevers, Vol. V, p. 50 


Typhus Fevers, 325-350. Plate IX. Figs. 22, 23 

Brill’s disease, 336, 337 

epidemic typhus, relation to, 336 
flea-typhus, diagnosis from, 339 
camp fever, epidemic typhus, synonym for, 329 
classification and comparison, 326-329 
endemic glandular fever, mite-typhus, synonym tor, 347 
endemic typhus, flea-typhus, synonym for, 337 
epidemic or louse-borne typhus, 327, 329-337 
aetiology, 330 

animals, susceptibility of, 331 
bacteriology, 331 
Blanc’s preventive vaccine, 335 
blood pressure, 333 
Brill’s disease, 336, 337 
history, 336 

recrudescent epidemic typhus, as, 337 
clinical picture, 332-334 
convalescent serum in treatment, 336 
diagnosis, 334 

flea-borne typhus, diagnosis from, 335 

geographical distribution, 330 

history, 329, 330 

immunity, 332 

incubation period, 332 

insomnia, 332, 334 

louse Pediculus humanus vector of, 331 


mortality, 334 
nervous symptoms, 334 
pathology, 332 
prophylaxis, 335 
pulse, 333 
rash, 332 

seasonal prevalence, 331 
spleen, 334 
synonyms, 329 
temperature, 332, 333 

tick-borne typhus, diagnosis from, 335, 344 
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Typhus Veyers-^contimed 

epidemic or loiise-boi-ne typhus— co/zr/V/r/ed 
transmission JYom man toman, 331 
treatment, 335, 336^ 
typhoid, diagnosis from, 335 
virus Rickettsia /;rovv^/Wv7‘ cause of, 331 
Weigl’s preventive vaccine, 335 
Weil-Felix test, 335 

famine fever, epidemic typhus, for, 329 

flea-typhus, 327, 337-339 

Brill’s disease, diagnosis from, 339 

clinical picture, 338 

diagnosis, 339 

endemicity, 337, 338 

epidemic typhus, diagnosis from, 335 

flea vectors, 337 

mortality, 339 

rats, infected, source of, 337, 338 
synonyms, 337 

tick-typhus, diagnosis from, 344, 347 
treatment, 339 

virus Rickettsia mooseri {R, murina) cause of, 337, 338 
geographical distribution, 326 
Hone’s disease, flea-typhus, synonym for, 337 
jail fever, epidemic typhus, synonym for, 329 
Japanese river fever (mite-typlius), 347, 348 
clinical picture, 248 
mites, coaveyed by, 347, 348 
rats and mice source of, 347, 348 
tick-typhus, diagnosis from, 347 
virus Rickettsia isutsiigamiishi cause of, 247, 348 
mite-typhus, 327, 347-349 

diagnosis, prognosis, and treatment, 349 
synonyms^ 347 

tick-typhus, diagnosis from, 347 
varieties, 348 
Mossman fever, 349 

murine typhus, flea-typhus, synonym for, 326, 335, 337 
non-epidemic or epizootic, 337-349 
pseudo-typhoid of Deli, 348 

Queensland coastal fever, mite-typhus synonym for, 347 

scrub typhus, 348, 349 

ship-typhus, flea-typhus, synonym for, 337 

shop typhus, flea-typhiis, synonym for, 337 

spotted fever of Rocky Mountains, Rocky Mountain tick-typhus, 

^ ^ . synonym (or, 339 

Sumatra mite fever, mite-typhus, svnonym for, 347 
lick-bite feve;. of Kenya and South Africa, 345 
tick-typhus, 327, 339-347 

differential diagnosis, 347 
nomenclature, 339, 340 
synonyms, 339 

tick-typhus boutonneuse, 345 
dogs transmitting, 345 
fiewe ex ant he mat iq lie, synonym for, 345 
Rocky Mountain typhus, diagnosis from, 345 
ticks, conveyed by, 345 
tick-typhus, Indian, 345-347 
agglutination tests, 346 
diagnosis, 346 

Rocky Mountain typhus, resemblance to, 346 
tick-typhus of Sao Paulo and Minas Geraes, 345 
rats source of, 345 
ticks, conveyed by, 345 
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Typhus Beyers— continued 

tick-typhus. Rocky Mountain, 327, 340-344 
clinical picture, 342, 343 
complications, 343 
diagnosis, 344 

epidemic typhus, diagnosis from, 335, 344 
fievre boutonneuse, diagnosis from, 345 
incubation period, 342 
rash, 343 
temperature, 342 
transmission, 341 
treatment, 344 
vaccine, 344 

virus Rickettsia rickettsi cause of, 340, 34 1 
Weil-Felix test, 344 
transmissibility, 329 

Tsutsugamushi, Japanese river fever, synonym for, 347 
typhus exanthematicus, epidemic typhus, synonym for, 329 
typhus fever, epidemic typhus fever, synonym for, 329 
urban tropical typhus, flea-typhus, synonym for, 337 
X 19 tropical typhus, flea-typhus, synonym for, 337 


U 


ULCER, veldt sore, 538 

xerodermia pigmentosa cause of, 628 
yaws cause of, 648 


ULCER. Duodenal: see Peptic Ulcer, Vol. IX, p. 505. Gastric: see Peptic Ulcer, 
Vol. IX, p. 505; and Stomach, Tumours and Some Other Condi- 
tions, Vol. XI, p. 477. Peptic: see Peptic Ulcer, Vol. IX, p. 505. 
Rodent: see Skin Diseases: Tumours, Vol. XI, p. 239. Trophic: see 
Neuritis, Vol. IX, p, 193; and Neurosyphilis, Vol. IX, p, 240. 
Tropical: see Tropical Ulcer, p. 256. Varicose: see Vein Diseases, 
p. 526 

ULCERATIVE GRANULOMA. Granuloma, Ulcerative, Vol. VI, p. 54 

ULCUS MOLLE. Chancroid, Vol, III, p. 97 

ULTRA-VIOLET RAY THERAPY. See Actinotherapy, Vol. 1, p. 180 

UMBILICAL CORD, development of, 353 

Umbilicus Diseases, 352-360. Fig. 24 
adenoma, 358 

calculus and concretions, 356, 357 
carcinoma, 359 
cholesteatoma, 357 

Cullen’s (Hofstatter and Hellendall’s) sign, 359, 360 

dermoids, 358 

diphtheria, 355 

embryology, 353 

endometrioma, 358 

entero-teratoma (polyp), 358 

erysipelas, 354 

fistula, 356 

acquired and congenital, 356 
diagnosis and treatment, 356 
pyo-umbilicus caused by, 355 
foreign bodies, 355 
granuloma, 358 
Grey Turner’s sign, 359 
haemorrhage, 357 

blood transfusion in treatment, 357 
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Umbilicus Diseases - conthiued 
Halsled's sign, 359 
hernia, Yol. VI, p. 494 
horns, 357 
infections, 354, 355 
lymphatics, anatomy of, 354 
omphalitis, 354, 355 
causes, 354 

granulation tissue caused by, 354, 355 
symptoms and sequelae, 354 
papilloma, 358 

pyo-umbilicLis, causes of, 355 

sarcoma, 359 

scar, rupture of, 360 

syphilis, 355 

tetanus, 355 

tuberculosis, 355 

tumours, benign, 358 

malignant, 359 
ulcers, 355 

umbilical cord, development of, 353 

Undulant Fever (Melitensis and Suis types) 361-378. l igs. 2.5-27 
aetiology, 362, 363 
agglutination lest, 373, 374 
ambulatory cases, 365, 372 
amoebic abscess of liver, diagnosis from, 374 
anaemia caused by, 369 
arthritis caused by, 370, 372 
bacteriology, 364 
blood culture in diagnosis, 373 
boils complicating, 367 

Brucella abortus infection, 362, 364, Vol. I, p. 68 

Brucella melitensh cause of, 362, 363, 364, 373 

Brucella suls infection, 362, 364 

carriers, 365 

clinical picture, 364-371 

complications, 369-371 

continuous type, 365, 366 

death-rate, 372 

definition and synonyms, 36 1 

diagnosis, 372-374 

diflferential, 374-376 
distribution, 362 

enteric fevers, diagnosis from, 374 

suggested, 365, 366, 367 
hbrositis caused by, 370 
gastro-intestinal condition, 368 
heart, 369 

incubation period, 364 
infection sources of, 362, 363 
insomnia, treatment of, 376 
kala-azar, diagnosis from, 375 
liver, 368 

malaria, diagnosis from, 375 
malignant type, 365 
melitin test, 374 
nervous symptoms, 369, 370 
neuritis caused by, 370 
orchitis caused by, 371, 372 
pathology, 363 
prognosis, 372 

pulmonary tuberculosis, diagnosis from, 375 
relapses, 366 
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Undulant Fever — continued 

respiratory complications, 369 
spleen, 365, 368, 372 
suis infection, diagnosis from, 375 
sweating, 367 
symptoms, 366—371 
temperature, 364, 365, 366, 372 
tongue, 365, 368 
treatment, 376-378 
diet, 376 
melitin, 377 
protein shock, 377 
Rainsford’s, 377, 378 
serum, immune, 377 
sulphanilamide, 377 
vaccine, 377 
types, 364, 365 
undulatory type, 364, 366 
urachus, development of, 353 
patent, 402 

urinary changes, 371, 373 
urobilinogen, 371, 378 

Uraemia, 379-385 
aetiology, 380 

alkali reserve, diminution of, 381, 385 

anaemia in, 381, 382 

blood-urea, increase of, 380, 381, 384 

cardiovascular system, relation to, 383 

clinical picture, 382, 383 

coma caused by, 381 

definition, 379 

diagnosis, 384 

drowsiness caused by, 381, 382 
gastro-intestinal symptoms, 381, 383 
hypertension, relation to, 382 
hypertensive encephalopathy, 379 
lumbar puncture in diagnosis, 384 
mercurial poisoning cause of, 115 
nervous symptoms, 381, 382 
pathology, 380 
prognosis, 383 
- pseudo-uraemia, 379 
renal failure cause of, 380 
respiratory symptoms, 383 
suppression of urine, treatment of, 385 
treatment, 384, 385 

calcium lactate, 385 
diet, 385 

sodium bicarbonate, 385 
sweating, 385 
venesection, 385 
venesection in diagnosis, 384 

URBAN TROPICAL TVPHUS, flea-typhus, synonym for, 337 

Urethra, Diseases, 386-392 

abscess, peri-urethral, 388 
calculi, 391 

congenital atresia, 386 

deformities of, 403-407 
epispadias and hypospadias, 403, 405 
extravasation of urine, 387, 388 
treatment, 388 
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Urethra, Diseases - conUmcd 
female, in, 391, 392, 610, 611 
listLilac, 390 
inflammation, 388, 389 
injuries, 387, 388, 391 
non-vcncreal inflammation, 388 
causes and Irealmcnt, 388 
peri-iirclhritis, 388 
prolapse, 392 
rupture, 387 

operation and treatment, 387 
spermatorrhoea, 389 
^stress incontinence', 391 
stricture, 389, 390 

inflammatory, 389 
malignant, 389 
mcatal, 389 

spasmodic, treatment of, 389 
symptoms, 389 
traumatic, 389 
treatment, 390 

dilatation, 390 
excision, 390 
urethroscopy, 390 
urethrotomy, 390 
tumours, 391 

urethral shock or fever, 391 
urethritis, chemical, 388 
urethrocele, 392 

URETHRITIS, non-vcncrcal, 388 

URETHROCELE, 392 

URETHROSCOPY. Sec Endoscopy of tiif Urinary Tra( t, Vol. V, p. 21 

URETHROTOTdY, stricture, for, 390 

URINE, anuria, arseniuretted hydrogen poisoning cause of, 164 
colchicum poisoning cause of, 98 
operation for, in mercurial poisoning, 1 16 
barbiturate poisoning cause of red colour in, 80 
black or dark brown on standing from mclanogen, 394 
blue from ingestion of methylene blue, 394 
brownish-green from phenol, 394 
Brucella melttcnsis in, 363 
burgundy-red from hacmatoporphyrin, 394 
carboluria, phenol poisoning cause of, 94 
dark brown to green from urobilin and bilirubin, 394 
dinitrobenzene poisoning causing smoky appearance of, 174 
extravasation, 387, 388 ^ 
frequency, uterine fibroids cause of, 462 
frequent, vesiculitis, in, 554 
hypovitaminosis C saturation test in, 584 
incontinence of, epispadias cause of, 406 
reddish from phenolphthalein and sulphonamidc, 394 
reddish-black from haemoglobin, 394 
retention of urine, fibroids cause of, 462 

retroversion cause of, 434 
smoky, from dinitrobenzene poisoning, 1 74 
red cells, 394 

stress incontinence, definition of, 437 
suppression, mercurial poisoning cause of, 115 
uraemia, caused by obstruction to outflow of, 380 
in, 385 

yellow from rhubarb, senna, or santonin, 394 
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Urine Examination, 393-400 
albumin, 396 
alcohol, tests for, 399 

Bence Jones proteose, causes and character of, 396 

bile, tests for, 398 

blood, test for, 396 

casts, 396 

chlorides, 397 

colour, 394 

drugs affecting colour of, 394 
ketone bodies, tests for, 399 
oliguria, 395 

pigments affecting colour of, 394 
polyuria, causes and quantity of, 395 
reaction, 395, 396 
renal function tests, 399, 400 
blood examination, 400 
concentration and dilution test, 400 
kidney excretion test, 400 
urine examination, 400 
specific gravity, 395 
sulphates, 397 
urea, 397, 398 

uric acid, sources and test for, 398 
volume, 394 


Urogenital Organs, Abnormalities, 401-409 
congenital obstruction of urethra, 406, 407 
diaphragm, urethral, 406 
foetus, in, 406 
occlusion, 406 
radiography, 407 
symptoms and sequelae, 407 
treatment, 407 
valves, urethral, 406 
ectopia vesicae, 402 

exstrophy of bladder, synonym for, 402 
epispadias, 405, 406 
complete, 406 

incontinence of urine caused by, 406 
penile or clitoric, 406 
symptoms and treatment, 406 
Voung’s operation, 406 
fistulae, urethral, 403 
hypospadias, 403—405 

chordee caused by, 404 
coitus affected, 404 
glandular, 403 
para-urethral duct, 403 
penile, 404 
peno -scrotal, 404 
perineal, 404 

infant, sex determination in, 404 
scrotal, 404 
symptoms, 404 

treatment, operative, 404, 405 
types, 403, 404 
testis, of, 407, 408 
anorchism, 407 
inversion, 408 
supernumerary, 408 

urachal cyst, symptoms, diagnosis and treatment of, 402 
urachus, patent, embryology and symptoms, 402 
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Urogenital Organs, Abnoririalities-- 

urethra, development of, 403 
double, 403 

URTICARIA. See Allhikiy, VoI. I, p. 317; a/u/ U\vv\CMi\^ Pi(irvir:N*rosA, p. 410 


Urticaria Pigmentosa, 410 414 

adult form, 412 

aetiology, 41 0 

clinical picture, 412, 413 

diagnosis, 41 3, 41 4 

factitious urticaria complicating, 412 

infantile form, 41 2 

lichen urticatus bullosa, diagnosis from, 413 

mast-cells, 411 

moles, diagnosis from, 413 

pathology, 41 1 

prognosis, 413 

syphilis, secondary, diagnosis from, 414 
treatment, 4 1 4 

urticaria, diagnosis from, 413 
xanthclasmoidca, synofiyni fov, 410 
xanthoma, diagnosis from, 413 


Uterus, Diseases and Disorders, 415-404. Plates X, XI. Mgs. 28-44 
abortion in, 423, 433, 463 
absence of uterus, 420 
adenoma, 473-475 
adenoma, cervical, 475 

aetiology and clinical picture, 475 
treatment, 475 

adenoma, papillifcrous, 474, 475 

blood-stained discharge caused by, 474 
carcinoma, diagnosis from, 475 
clinical picture and pathology, 474 
treatment, 475 

adenoma, simple, of corpus uteri, 473, 474 
clinical picture and diagnosis, 473 
haemorrhage caused by, 473 
leucorrhoca caused by, 473 
treatment, 473, 474 
anatomy, 426, 436 
anteflexion, 434, 435 
diagnosis, 435 

arcuate or septate uterus, 421 
ascent of uterus, causes of, 435 
bicornuate uterus, 420, 421, 423, 424 
clinical picture, 420 
diagnosis, 421 
pregnancy, in, 423 
transverse lies, in relation to, 423 
treatment, 421, 423 
twin pregnancies, relation to, 421, 423 
carcinoma, 479-493 
incidence, 479 

sex hormones, possible relation to, 479 
carcinoma, cervix uteri, of, 480-489 
adeno -carcinoma, 481 
chancre, syphilitic, diagnosis from, 486 
classification for evaluation of treatment, 484 
clinical picture, 481-483 
complications, 483 
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Uterus, Diseases and Disorders — continued 
carcinoma, cervix uteri, of — continued 
diagnosis, 485, 486 
ectropion, diagnosis from, 485 
endocervical, 482 
fibroid, diagnosis from, 486 
friability, importance of, in diagnosis, 485 
haemorrhage caused by, 482, 485 
'leukoplakia’ (precancerous metaplasia), 480 
pain caused by, 483 
patholo^, 480, 481 
pro^osis, 483^85 
proliferative C cauliflower’), 481 
pyometra, 483 
Schiller’s iodine test, 485 
spread, method of, 482 
squamous-celled, 480 

syphilitic carcinoma of cervix uteri, diagnosis from, 486 
treatment, 486-489 

irradiation, 487, 488 
surgical, 488 
symptomatic, 489 

tuberculous ulceration, diagnosis from, 486 
ulcerative, 482 

carcinoma, corpus uteri, of, 489—493 
'adenoma malignum’, 490 
clinical picture, 491 
diagnosis, 492 
pathology, 489, 490 
post-menopausal bleeding, 491 
prognosis, 491 
pyometra caused by, 490 
treatment, 492, 493 

radium therapy, 492, 493 
hysterectomy, 493 
carcinoma, double uterus, in, 421 
cochicate uterus, anteflexion, associated with, 435 
colporrhaphy, 439—447 
after-treatment, 445 
contra-indications, 439 
parturition, subsequent, 447 
results, 446 
technique, 440-444 
cystocele, 437 
development, normal, 416 
developmental abnormalities, 416—425 

Caesarean section undertaken for, 423, 424 
causes, 419 

classification, clinical, 419 

von Winckel’s, 416—418 
clinical picture, 419—425 
incidence in non-pregnant state, 419 
pregnancy, 423 

labour complications associated with, 423-425 
table of, 424 

non -pregnant state, in, 419—422 
displacements, 427-435 

dysmenorrhoea associated with, 420, 422, 428 
fibroids, 449-472 

abortion in relation to, 463 
aetiology, 449, 450 
anaemia caused by, 461, 464 
atrophy, 458 

bladder, pressure effects on, 462 
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blood vessels, pressure on, 463 
calcification, 457 

carcinoma ccrvic is, diagnosis from, 467 

car neons mole, diagnosis Ironi, 466 

cervical, 453, 466 

clinical picture, 460-464 

course and prognosis, 464 

cystic degeneration, 457 

diagnosis, 465-467 

fatty degcncralion, 457 

haemorrhage caused by, 460, 467 

hyaline degcncralion of, 456> 

incidence, 450 

inflammation, 459 

interstitial, 451 

intra-ligamcnlary, 453 

inversion of uterus caused by, 455, 467 

IcLicorrhoca caused by, 461 

malignant metaplasia, 459 

menopause, clTcct on, 460 

necrobiotic degeneration, 457 

nerves, pressure on, 463 

oedema in, 459 

ovarian new growth, diagnosis from, 465 

pain caused by, 461, 469 

‘parasitic’, 453 

pathology, 450-460 

pedunculated, 453 

polypoid, 454 

pregnancy, diagnosis from, 465 
ia relation to, 463 
rectum, pressure on, 462 
retention of urine caused by, 462, 469 
sloughing, 459 

sterility in relation to, 450, 463 
submucous, 454-456, 467 
subpcritoneal, 452 
torsion of, 453, 459 
treatment, 467-472 

hysterectomy, 470, 47 1 
myomectomy, 470, 471 
radium therapy, 469 
symptomatic, 467, 468 
testosterone, 468 
X-ray, 469 


ureter, pressure on, 462 
iibroliponiyoma, lipomyoma, sym?nvm for, 472 
grape-Jike sarcoma of cervix’, 477 " 
haemorrhage caused by, 461, 473, 474, 475, 477, 482 491 
hysterectomy for, 470, 47 1 , 475, 479, 488 
infantile, pubescent and hypoplastic uteri, 422 
treatment of sterility due to, 422 
inversion, submucous fibroids cause of, 455, 467 
sarcoma predisposing to, 476 
labour affected by, 423, 424, 434, 447 
lateral displacement, causes of, 435 
leiomyoma, fibroid, synonym for, 449 
malignant, 460 
lipomyoma, 472 

aetiology, clinical picture and treatment, 472 
menorrhagia in, 421, 429, 461 
microscopy, importance of, 466, 476 
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mucous polypus, simple adenoma, foi, 

myolipoma, lipomyoma, synonym iox, 4/^ 
myoma, fibroid, synonym for, 449 
normal position, 426 a'ic 

pelvic floor as support of 
pregnancy affected by, 422, 433, 434, 465 
procidentia, 437 
prolapse, 435-447 
aetiology, 436 
clinical picture, 437 
treatment, 437-447 

abdominal fixation, 438 
colporrhaphy, 439-447 
hysterectomy, 438 
interposition, 439 
Le Forfs operation, 439 
pyometra, carcinoma cause of, 483, 490 
rectocele, 437 
retroversion, 427-434 

abortion, complicated by, 433 

acquired, 428-434 

aetiology, 428 Ana a 

cervical lesions complicating, 429, 430 

clinical picture, 429 

congenital, 428 

diagnosis, 430 

involution, effect of, A29 

labour complicated by, 434 

pregnancy, effect on, 433, 434 

prolapse, associated with, 429 

retention of urine caused by, 434 

retroflexion, associated with, 429 

treatment, 430-433 

manipulation, bimanual, 430, 431 
operative, 432 
pessary, Hodge's, 431 
sarcoma, 475-479 
aetiology, 476 
anaemia caused by, 4/» 
carcinoma sarcomatodes, 477 
clinical picture, 477, 478 
course and prognosis, 478 
haemorrhage caused by, 477 
metastases, 478 
‘mixed’ sarcomas, 477 
pathology, 476, 477 
‘sarconia cervicis botryoidcs , 477 
treatment, 478, 479 
hysterectomy, 479 
lead, colloidal, 479 
radium therapy 478 

sterility associated with, 422, 428, 450, 463 
stress incontinence, 437 
torsion, 435 
tumours, 448 

classification, 449 
unicorn uterus, 420, 422, 424 
diagnosis, 422 
pregnancy in, 422 

uterus^ cScinoma, diagnosis from non-malignant diseases of, 492 
uterus’ didelphys, unilateral haeniatocolpos, associated with, 420 
villous tumour of endometrium, papilliferous adenoma, synonym for, 
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Uveal Tract Diseases, 495-514. Plate Xi!. Pigs. 45-47 
albinism, 496 
aniridia, 496 
anisocoria, 496 
choroid, angioma of, 512 

carcinoma, metastatic, of, 513 
Hal sarcoma, 5 1 3 
1 euco-sarco ma, 5 1 3 
melanoma, 512, 513 

symptoms and treatment, 513 
neurorna, plcxiforni, 51 2 
choroiditis, 498, 499, 509~-5! 1 
anterior, 510 
causes, 499 
classificatioa, 498 
clinical picture, 509 
complications, 510, 511 
disseminated, 5 10 
Boyne’s honeycomb, 514 

familial macular co lobe ma, diagnosis from, 510, 511 
glioma, diagnosis from, 510 
metastatic, 509 

panophthalmitis (acute suppurative choroiditis), 499, 509 
treatment, 509 

phthisis bulbi caused by, 499, 504 

retroluilbar neuritis, diagnosis from, 51 1 

sarcoma diagnosis from conglomerate tuberculous, 509 

syphilitic, 510 

Tay’s, 514 

treatment, 5 1 1 

tuberculous, 509, 510 

vitreous haemorrhage, diagnosis from, 51 1 
ciliary body, melanoma, malignant, of, 51 2 
tumours of, 512 
colobonm of iris, 496 

macula, 496 

congenital abnormalities, 496 
cyclitis, 498, 499, 503-508 
classification, 498 
clinical picture, 503 

exudates formed by, 499, 503, 504, 505, 506 
keratitis punctata in, 499, 503, 505 
pathology, 499 
degenerations, 513, 514 
choroideraemia, 514 
lamina vitrea, of, 514 
myopic, 514 

adrenaline, in, 514 
retinitis pigmentosa, 514 
vascular, 514 
heterochromia iridis, 496 
inflammation, 497-“511 
irido-cyclitis, 505-508 

cyclitis complicating, 504 
diabetes mellitus in relation to, 506 
gonococcal, 506 
herpes zoster cause of, 506 
iritis complicated by, 504 
sympathetic, 506 
syphilitic, 505 
treatment, 506-508 
atropine, 506 
atropine irritation, 507 
neoarsphenamine, 507, 508 
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Uveal Tract Diseases — continued 
irido-cyclitis — continued 
treatment — continued 
operative, 508 
protein-shock, 508 
SLilphanilamide, 508 
tuberculin, 507 
tuberculous, 505 
uveo-parotitis, 505 
iris, angioma, of, 511 
cysts of, 512 
leiomyoma of, 512 
melanoma of, 511 
sarcoma of, 512 
iritis, 497, 498, 499-503 
aetiology, 497 
cataract, sequel of, 502 
clinical picture, 499-501 
conjunctivitis, diagnosis from, 502 
diagnostic value of, 501 

episcleritis and scleritis, diagnosis from, 503 
glaucoma, acute congestive, diagnosis from, 502 
thrombotic, diagnosis from, 502 
sequel of, 501, 502 

granulomatous or nodular, causes of, 497 

haemorrhagic, causes of, 497 

infective, 498 

iris bombe, 497, 498, 500 

keratitis, diagnosis from, 503 

occlusio papillae, 498, 500, 501, 506 

plastic, causes and complications of, 497 

pupil in, 500 

purulent, causes of, 497 

seclusio papillae, 497, 498, 500, 506 

sero -fibrinous, causes of, 497 

sympathetic, 498 

synechiae caused by, 497, 498, 500, 501, 505, 506 
toxaemic, 498 

trypanosomiasis cause of, 277 
pupillary membrane, persistent, 496 
synechia, congenital anterior, 496 
tumours, 511-513 

V 

VACCINE, Blanc's preventive, in typhus, 335 

prophylactic, whooping-cough, in, 622 
therapy, undulant fever, in, 377 
Weigl’s preventive, typhus, in, 335 

Vaccinia and Vaccination, 515-524 
vaccination, 516—524 

abnormal results of, 521-524 
contra-indications, 519 
development on dermis, 519, 520 
encephalitis, post-vaccinal, 523, 524 

clinical picture and hypotheses, 523 
treatment, 524 
generalized vaccinia, 522 
incisions, number of, 518 
incubation period, 519 
lymph, source of, 517 
rashes, 522 
revaccination, 519 
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Vaccinia and Vaccination— ro/zZ/V/^/c'c/ 

vaccin at io ii- — cantitmcd 
septic iiiiccLion, 521 
severe local reactions, 521 
technique, 517, 518 
virus vaccin icic, 517 
vaccinia, 515,516 

cowpox, symptoms and transmission of, 516 
transmission of, 516 
virus vaccin iac cause of, 515 
virus variolac, relation to, 5 16 

VAGINA, DISEASES AND DISCHARGES. AVc Leucorrhoha and OnmR 
NoN“Hahm()rkhac;ic Vaciinal Discharges, VoI. Yll, p. 710; 
Vulva and Vacuna Dlseasi-s, p. 606 

VAGINITIS, 612 

VARICOCELE, aetiology, symptoms, and treatment, 532, 533 
VARICOCELE. Vein Diseases, p, 532 
VARICOSE VEINS. Vein Diseases, p, 529 

VASOVAGAL SYNCOPE. Brain: Vas<'Ular Disorders, Vol. H, p. 642 

Vein Diseases, 526-537 
anatomy, 526-528 

cerebral system, 527 
lymphatics, relation to, 528 
portal system, 527 
pulmonary system, 527 
system ie circulation, 527 
valves, 528 
obstruction, 528, 529 

compensatory circulation, 528 
treatment, 529 
phlebitis, 535, 536 

embolism, pulmonary, caused by, 535 
phlegmasia alba clolcns caused by, 535 
septic, 535 

trauma, cause of, 535 
treatment, 535 

thrombophlebitis migrans, 536 
aetiology, 536 

saphenous vein ligation, sequel of, 536 
treatment, 536 
tumours, 346, 347 

endothelioma, 346 

haemangioma, treatment of, 346, 347 
sarcoma, 346 
varicocele, 532, 533 
aetiology, 532 
clinical picture, 533 
treatment, 533 
tumours cause of, 532, 533 
varicose veins, 529-532 
heredity, 529 

injection treatment, 530-532 
solutions for, 53 1 
technique, 531, 532 
pathology, 529 

reflex thrill, examination for, 530 
Trendelenburg’s operation technique, 532 
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Vein T>ise2ises—-continued 

wounds, 533, 534 . 

arteriovenous aneurysm caused by, 534 
exophthalmos, pulsating, caused by, 534 
haemorrhage, treatment of, 534 

Veldt Sore, 538-543 
aetiology, 540 
clinical picture, 541 
C. diphtheriae in relation to, 540 
distribution, geographical, 
food deficiency m relation to, 540 
paralyses complicating, 541 
pathology, 540 

perinephritic abscess complicating, 542 
peripheral neuritis complicating, 541 
red hair in relation to, 540 
synonyms, 538 

treatment, diet in, 542 _ , 

diphtheria antitoxin in, 542 
tropical ulcer, diagnosis from, 542 

VENTRICULOGRAPHY. See Radiology in Diagnosis and Treatment, VoI.^X^ 

VERRUCA t^ECROGENICA. v| S 

VERRUCA PEDIS. See Foot, Diseases and Deformities, Vol. V, p. 433 

VERRUCA PERUVIANA. See Bartonellosis, Vol. II, p. 298 

VERSION. See Labour, Vol. VII, pp. 272, 480, and 545 

Vertigo, 544-552, Fig. 48 

aetiology, 544-546 r 

angio-neurotic oedema cause ot, doi 
aural or labyrinthine, 546-552 
anatomy and physiology, 546 
diagnosis, 550 
fistula sign, 548 
hearing in relation to, 550 ^ 

labyrinthine pressure, factors influencing, 547, 54b 
labyrinthitis circumscripta, 548 
serous, 548 
suppurative, 548 

middle-ear suppuration, with, 548 
non-suppurative, 549 
septic foci as cause of, 551 
treatment, 551, 552 
diet, 55 1 
drug, 552 
operative, 551 

blood pressure, high and low, cause ot, 545, 54y 
cerumen cause of, 549 r- 

encephalitis epidemica cause ot, 545 
epidemic cerebrospinal meningitis, in, 545 
‘epidemic vertigo’ of Gerlier, 545 
epilepsy cause of, 545 r c/iq 

Eustachian tube obstruction cause ot, 54*^ 
giddiness, synonym for, 544 r 

haemorrhage, labyrinthine, as cause ot, 549 
intracranial lesions causing, 545 
‘laryngeal’, 545 
Lermoyez’s vertigo, 550 
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Vertigo — continued 

Meniere’s syndiome, 549, 55 1 

neck muscles, lesions of, causing, 544 

nervous disease, in, 545 

‘neurasthenic’, 545 

otosclerosis, in, 55 

torulosis cause of, 55 

toxic, 545 

types of, 544, 545 

visual, 544 

VESICANT GASES. See Gassing and Poison Gases in War, Vol. V, p. 503 

Vesiculitis, 553-558 
acute, 554 

symptoms, diagnosis and treatment, 554 
chronic, 554-557 

Belfield’s operation, 556 
diagnosis, 555 

diathermy and massage, 555 
spermatorrhoea caused by, 555 
symptoms, 555 
treatment, 555-557 
vesiculectomy, technique of, 556, 557 
vesiculotomy, 556 
pathology, 553 
tuberculous, 557 

aetiology, symptoms and treatment, 557 
undulant fever, complication of, 371 

VINCENT’S ANGINA. See Pharynx Diseases, Vol. IX, p. 574 

VIRCHOW’S DISEASE See Bom Diseases, Vol. 11, p. 566 

VIRILISM. See Adrenal Gland Diseases, Vol. I, p. 247 

VIRUS DISEASE, papilloma viilvae as, 609 
trachoma, 210 
trench fever as, 236 
typhus fevers, 331, 337, 340 
yellow fever, 660, 661, 664 

VIRUS VACCINIAE, virus variolae compared with, 515, 516 

Visceroptosis, 559-569 
aetiology, 559-561 

chi'onic invalidism in relation to, 563 
clinical picture, 561-565 
definition, 559 
diagnosis, 565, 566 
emotion, effect of, 560 
gastroptosis, 564, 568 
hepatoptosis, 565 
mobility of viscera, 560 
nephroptosis, 564 

position of viscera, maintenance of, 561 
psychological element in, 560, 565 
radiography, 560, 563, 565 
spleen, ptosis of, 565 
symptoms complained of, 562 
synonyms, 559 
treatment, 566-569 

abdominal belts, 567 
diet, 567 
drugs, 568 
^ surgical, 568 

variations in number of diagnoses made, tables of, 563, 564 
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VISION, SYMPTOMATIC DISTURBANCES. See Ascariasis, Vol. II, p. 151; 

Dietetic Deficiency Diseases, Vol. IV, p. 57; Epilepsy, Vol. V, p. 103 ; 
Jaundice, Vol. VII, p. 266; Migraine, Vol. VIII, p. 607; Psycho- 
neuroses AND Psychotheraphy, Vol. X, p. 246; Vitamins, p. 594; and 
■ other strictly eye conditions appearing under their own titles 


Vitamins, 570-605 

classification and enumeration, 573-576 
dietetics and applications, 598, 599 
fat-soluble vitamins, 588-598 
historical, 571-573 
list and tables of, 574-576 
vitamin A, 593-597 
carotene, 596 
deficiencies, 593-596 
table of, 594 

hypovitaminosis A, test for, 594 
infections, in relation to, 594 
night blindness, 594, 595 
properties of, 596 
quantitative requirements, 596 
sources of, 576, 597 
xerophthalmia and keratomalacia, 595 
xerosis, 593, 595 
vitamin 577-579 

alcoholic polyneuritis caused by 'conditioned deficiency’ of, 577 

beri-beri caused by deficiency of, 576 

carbohydrate metabolism, relation to, 579 

cardiac disorders in relation to, 577 

constitution of, 575, 578 

daily requirement of, 577 

physiological action of, 579 

polyneuritis of pregnancy caused by ‘conditioned deficiency’ of, 577 
sources of, 576 

treatment of defiiciency of, 578 

vitamin Bg complex and the pellagra-preventing (P-P) factor, 579-582 
alcoholism, relation to, 579 
extrinsic factor of Strauss and Castle, 582 
pellagra, 579, 580 

pellagi'a-preventing factor (nicotinic acid), 579, 580, 58 1 
constitution and dosage, 581 
sources of, 576 

vitamin Bj, distinction from, 580 
ribofiavin (lactoflavin), 575, 576, 581, 582 
sources of, 576 

vitamin B,, (adermin), 581, 582 
constitution, 575 
sources of, 576 
vitamin C, 582-588 

ascorbic acid, chemical properties of, 586, 587 
daily minimum required, 584, 585 
treatment, in, 583 
canning, effect of, 587 
daily requirement of, 584 
hypovitaminosis C, capillary-fragility test for, 584 
incidence, 585 

urine saturation test for, 584 
infection, relation to, 588 
pasteurization, effect of, 587 
peptic ulcers in relation to, 585, 586 
properties of, 586-588 
scurvy: avitaminosis C, 582-584 
clinical picture, 582 
diagnosis, 583 
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Vitamms — continued ^ 

vitamin C — continued 
scurvy — continued 
incidence, 583 
infantile, 583 
treatment, 583 
sources of, 576, 587 
vitamin D, 588-593 • \ coi 

adult rickets (osteomalacia), 591 
calciferol (vitamin D.,), 589, 590, 59— 
coeliac disease, 590 
ergosterol, irradiation of, 592 
infantile tetany, 590 
mode of action, 591 
mothers, for, 590 
properties of, 592, 593 
renal rickets, 59 1 
rickets in relation to, 588-590 
mild rickets, 588 
pathology, 589 

prophylaxis and treatment, 589, 590 
sunlight, effect of, 588, 589 
sources of, 576, 592 
vitamin D.„ 574, 592, 593 
vitamin E, 574, 575, 576, 597 

cx-tocopherol, isolated as, 597 
habitual abortion, in relation to, 597 
sources, 576, 597 _ , , . ^ <oo 

vitamin H, seborrhoeic dermatitis caused by denciency ot, 59o 
vitamin K, blood-clotting in relation to, 598 
vitamin P, haemorrhages in relation to, 598 

VITILIGO. See Leucodermia, Vol, Vll, p. 705 

VOCAL CORDS, DISEASES. See Larynx Diseases, Vol. VII, p. 618 

VOLTOHJS. Abdommai 

VOMITING, CYCLICAL. S« A»«S'=. VoL 

Vulva and Vagina Diseases^ 606-614 
urethra, 610, 611 
carcinoma, 611 
urethral caruncle, 61 1 

symptoms and treatment, 61 1 
urethritis, 610, 611 
causes, 610 

Skene’s tubules involved, 611 
treatment, 61 1 
vagina, 612-614 
carcinoma, 613 
cysts, 612 

fibroma, fibromyoma, and fibrosarcoma, 61 3 
fislulae, 613, 614 

recto-vaginal , treatment of, 613, 614 
ureteric, 613 

urethral and vesical, treatment of, 613 
ulceration, 612 
vaginitis, 612 

causes, symptoms and treatment, 612 
vulva, 606-610 

Bartholin’s gland, 610 
abscess of, 610 
carcinoma of, 610 
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Vulva and Vagina Diseases — continued 
vul va — con t in ued 

Bartholin’s gland — continued 
cysts of, 610 
carcinoma, 609, 610 

symptoms and treatment, 610 
fibroma and neurofibroma, 609 
kraurosis vulvae, 609 

atrophy caused by hormone deficiency, 609 
symptoms and treatment, 609 
leucoplakia vulvae, 608, 609 
carcinoma sequel of, 608 
symptoms, 608, 609 
treatment, 609 
melanoma, 610 
papilloma, 609 

filter-passing virus probable cause, 609 
treatment, 609 
pruritus vulvae, 608 

causes and treatment, 608 
leucoplakia cause of, 608, 609 
oestrin therapy, 608 
sarcoma, 610 
ulceration, 607, 608 
carcinomatous, 608 
diphtheritic, 607 
gangrenous (noma), 608 
tuberculous, 607 

ulcus vulvae acutum of Lipschiitz, 607 
vulvitis, 606, 607 
diabetic, 607 
erysipelatous, 607 
follicular, 607 

vaginitis, associated with, 607 


W 


WART, anatomist’s, 287 

arsenic cause of, 137 

xerodermia pigmentosa cause of, 627, 628 
X-rays cause of, 189 

WARTS. See Skin Diseases: Tumours, VoL XI, p. 203 

WEBBED FINGERS. See Bone Diseases, VoL 11, p. 560; and Hand, Diseases 

AND Deformities, Yol. VI, p. 172 

WEIL-FELIX TEST, typhus, in, 330, 331, 335, 344 

WEIL’S DISEASE. See Jaundice, VoL VII, p. 267 

WERTHEIM’S HYSTERECTOMY, 488 

WHIPWORM. See Nematode Infections, VoL IX, p. 131 

WHITLOW. See Hand, Diseases and Deformities, VoL VI, p. 182; and Nails, 

Diseases of, VoL IX, p. 86 

Whooping-Cough, 616-624 
aetiology, 616, 617 
bacteriology, 617, 618 
bronchitis complication of, 620 
cerebral haemorrhages caused by, 621 
clinical picture, 618-620 
coma in infants, 621 
convulsion caused by, 619, 621 
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Whooping-Cough — contimwd 
cough, 618, 623 
diagnosis, 621, 622 

emphysema, pulmonary, sequel of, 620 
gastro-cnlcrilis, 621 

Haemophilus pertussis of, 616, 617 

Hodgkin’s disease, diagnoses from enlarged mediastinal glands in, 621 
immunity, 617 
incidence, 61 7 
incubation period, 617 
infants, in, 619 
isolation, 617, 619, 622 
lymphatic leukaemia, diagnosis from, 621 
lymphocytosis, 617 
pneumonia complicating, 620 
prognosis, 621 
sedimentation rate, 61 S 
temperature, 619 
tracheitis in, 202 
treatment, 622-624 
belladonna, 623 
convalescent serum, 622 
prophylactic vaccines, 622 
suiphanilamide, 624 
vitamins A and B, 623 
tuberculosis, effect on, 620 

tuberculous mediastinal glands, diagnosis from, 621 

WILSON’S DISEASE. See Dermmitis, Exioliativi-, VoL I IF, p. 619; and 

Hiiiwro-EiiNTicuiAR DhcU’NHRaiion, Voi. VI, p. 443 
WOOLSORTERS’ DISEASE. See Anthrax, VoL I, p. 629 


WRITERS’ CRAMP. See Cramp, VoL Hr,p. 455 
WRY-NECK. See Torticollis, p. 48 


X 

XANTHELASMOIDEA, urticaria pigmentosa, synonym for, 410 

XANTHOMA, urticaria pigmentosa, diagnosis from, 413 

XANTHOMA AND XANTHELASMA. Skin Diseasps: Tumours, VoL XI, 

p. 257 

XANTHOMATOSIS, miliary tuberculosis, diagnosis from, 305 

XANTHOMATOSIS. Lipoidoses, VoL VlII, p. 68 

XANTHOPROTEIC REACTION, nitric acid, of, 71, 72 

Xerodermia Pigmentosa, 626-630 
aetiology, 626, 627 
carcinoma sequel of, 627, 628 
clinical picture, 627-629 
eye symptoms, 628 
histology, 627 

sunlight, part played by, 626, 627 

synonyms, 626 

treatment, 629 

watts caused by, 627, 628 

XEROPHTHALMIA, vitamin A deficiency cause of, 595 

XEROPHTHALMIA. See Blindness, VoL II, p. 451; Dietetic Deficiency 

Diseases, VoL IV, p. 57; ami Vitamins, p. 593 

XEROSIS, vitamin A deficiency cause of, 593, 595 
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X 19 TROPICAL TYPHUS, flea-typhus, for, 337 

X-RAYS, industrial uses of, 188 
injuries from, 187-191 
therapy, uterine fibi'oids, for, 469 

Y 

YANGTSE VALLEY FEVER. See Bilharziasis, Vol. 11, p. 331 

Yaws, 631-659 

acanthosis, 638, 653 
aetiology, 632—638 
age incidence, 636 
blood-cholesterol in, 642 
bones, lesions of, 649, 650, 652, 654 
cerebrospinal fluid, 651 
clavLis, 640, 647 
climate in relation to, 632, 635 
clinical picture, 642—652 
desquamation, 645 
eruption, 645, 646 
flics carriers of, 637 
‘foot yaws’ or ‘crab yaws’, 647 
gangosa (rhinopharyngitis mutilans), 652, 653 
geographical distribution, 632-636 
goundou, 653, 654 
hands, of, 647 
histo-pathology, 638-640 
immunity, 641, 642 
incubation period, 642 
juxta-articular nodules, 654, 655 
Kahn reaction in, 640 
keratosis, 647 
lymphatic glands, 650 
mucous membranes in relation to, 647 
nervous lesions in relation to, 650 
nodular granuloma, primary lesion as, 643 
pigmentation, 647 
primary lesion, 643, 644 
prophylaxis, 655 
rainfall in relation to, 636 
scarring, 644 
secondary stage, 645—647 
serology, 640, 641 
sex incidence, 636 
synonyms^ 631 
tertiary stage, 648—650 
trauma in relation to, 635, 637 
treatment, 655—659 
arsenic, 657, 658 
bismuth, 658, 659 

Treponema pertenue cause of, 632, 638 
ulceration, 648 

Wassermann reaction in, 640, 641, 651, 652 

Yellow Fever 5 660-672 
albuminuria, 668 
‘black vomit’, 668 
blood picture, 667 
clinical picture, 667, 668 
definition, 660 
diagnosis, 669 
epidemiology, 663 
Faget’s sign, 667 
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Yellow Fever— . ,, 

geographical distribution, 662, 663 
glucose in trcalmcnt, 670 
headache, 667 
history, 660, 661 
imnuinity, 664 
incubation period, 605 
jaundice, 667 

kidneys in, 666 infV(,Onn of, 66)3, 664 
laboratory workcis, intcuion u., 

liver in, 6i6)6 

pain, 66^7 

pathology, 6>66, 667 
pctechiac, 668 

prophylactic inoculation, 6/u 
spread by transport, 663 
treatment, 66 >-671 

calcium lactate, o /i) 
trlucosc, 670 

Slcrnberg‘'s treatment, 671 

SI, <.« 

YEMEN ULCER, tropicuUilccr, synonym ior, 256 


ZONA. See Herpes, Vol. VI, p. 513 v n e"* 

ZONDEK-ASCHHEIM REACTIO-N. S.r Prec.NANCV. Vo . . P- 

ZOSTER. See Herpes, Vol. VI, p. 513 
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